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C arbohydrates  of the b row n  s e a w e e d s  D e s m a r e s t ia  f irm a  and D ic ty o p te r i s  
pla g io g ra m m a , and o f  the d ia tom  C o sc in o d is c u s  nob ilis  . 
by Md. A n isu r  R ahm an .
ABSTRACT
D ic ty o p te ris  p la g ie  gramma; The carbohydrates o f th i s  weed have been 
chem ically s tu d ie d  f o r  th e  f i r s t  tim e . S equen tia l e x tra c tio n  o f th e  
weed gave a m ixture o f lam inaran  and ’fu can ’ in  th e  aqueous e x tra c t  and 
a mixture of a lg in ic  a c id  and *fucan’ in  th e  a lk a l in e  e x tr a c ts .
A pure lam inaran  was sep a ra ted  on a DE-52 c e llu lo se  column and shown 
to  comprise a  ( l—> 3) - l in k e d  p-g lucan  co n ta in in g  1.4^ m ann ito l. The 
’ fucan* contained  fu co se , g lucu ron ic  a c id , xy lose , g a lac to se , mannose and 
h a l f  e s te r  su lp h a te .
A v a r ie ty  of f r a c t io n a t io n  procedure gave *fu can s ' w ith  v a ry in g  . 
p roportions o f c o n s t i tu e n ts  and h a l f  e s te r  su lp h a te .
The a lg in ic  ac id  from th e  s e q u e n tia l e x tra c t io n  was shown to  be 
h ig h ly  degraded, bu t an a lk a l in e  e x tra c t  o f a f re sh  sample o f weed 
contained a le s s  degraded a lg in a te  in  which th e  m annuronic/guluronic a c id  
r a t io  was ca . 60:40.
M éthylation and p e r io d a te  o x id a tio n  s tu d ie s  e s ta b lish e d  th e  s im i la r i ty  
o f linkage p a t te rn  w ith  o th e r  * fucans *.
A lkaline d e su lp h a tio n  o f  D ic ty o p te ris  ’fu can ’ and 3 ' fucans * from o th e r
seaweeds rev ea led , a f t e r  h y d ro ly s is , th e  presence o f a m onosaccharide which
was c h a rac te rised  as a  6-deoxyhexose in d ic a t in g  th a t  S0“ was a tta c h e d  to  •
th e  fucose m olecule a t  C-2 an d /o r C-3. Sodium methoxide trea tm en t o f th e
desulphated fucan  fo llow ed by id e n t i f i c a t io n  o f 2-0-m ethyl fucose confirm ed
th a t  SOT was a tta ch e d  to  th e  in te rc h a in  fucose re s id u e  a t  C-2.
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D esm arestia firm a : The s e q u e n tia l a lk a l in e  e x tra c t from th i s  weed was a lso
shown to  comprise 16^ o f a  h ig h ly  degraded a lg in ic  ac id  and 1.8^ o f crude 
’fucan*. D irec t a lk a l in e  e x tra c tio n  y ie ld e d  19.8^ o f r e l a t iv e ly  h ig h e r 
v is c o s i ty  a lg in a te .
Coscinodiscus n o b i l is  : A fte r  c u ltu r in g  th e  diatom under b a c te r ia  f r e e
co n d itio n s , $0 mg o f e x t r a c e l lu la r  p o ly sacch arid e  and 30 mg o f diatom  were 
recovered . The form er was shown to  comprise a h ig h ly  branched h e te r o -  
po lysaccharide c o n ta in in g  fucose, rhamnose, mannose, D -glucose, x y lo se , 
D -glucuronic a c id , g a la c to se  ( tra c e ) and h a l f  e s te r  su lp h a te . The p o s it io n s  
o f  linkages between th e  m onosaccharides have been e s ta b lish e d  and evidence f o r  
th e  linkages between D -glucuronic a c id  and m onosaccharides was o b ta in e d . The 
e x tr a c e l lu la r  p o ly sacch arid es  con tained  a lso  a  chrysolam inaran, but t h i s  may 
have been derived  from dead c e l l s .  Fucose and mannose occur a lso  in  a  s e p a ra te  
polym er.
_ The diatom con tained  p o ly sacch arid e  m a te r ia l c o n s is tin g  o f g lucose , 
fucose  and u ron ic  a c id  re s id u e s .
mannose,
COFTEFTS
CHAPTER 1 GEFERAL IFTRODUCTIOF
.1 D e fin it io n  o f a lg ae
.2 Occurrence
,5 C la s s if ic a t io n  o f th e  carbohydrates p re sen t
in  d i f f e r e n t  c la s s e s  o f a lg ae
17
17
•3 Economic im portance 17
.4 C la s s i f ic a t io n  o f a lg ae 18
18
,6 C arbohydrates o f Rhodophyceae 19
19.6 .1  Low m olecular w eight carbohydrates
19.6 .2  Water so lu b le  po ly sacch arid es
.6 .2 a  Food re se rv e  m a te r ia l 1 g
.6 .2 b  Other so lu b le  po ly sacch arid es  ig
.6 .3  S tru c tu ra l  po ly sacch arid es  23
.7 Carbohydrates o f Chlorophyceae 2 4 '
. 7.1 Low m olecular w eight carbohydrates 24
. 7.2 Water so lu b le  carbohydrates 24
.7 .2 a  Food re se rv e  m a te r ia l 24
. 7 . 2b O ther so lu b le  po ly sacch arid es  25
. 7.3  S tru c tu ra l  po ly sacch arid es  28
CHAPTER 2 GEFERAL METHODS
2.1 P h y sica l Techniques 50
2.2  P u r i f ic a t io n  o f common so lv en ts  and 51
reag en ts
2.3 Acid hydrolysis . . • ^1
5 "
Page
2.3.1 Formic acid method 31
2.3.2 Sulphuric acid method (molar) 31
2.3.3 72^ Sulphuric acid method 32
2.3.4 Trifluoroacetic acid method 32




2 . 4 .3  T r im e th y ls ily la te d  g la ss  f ib r e  paper 34






2.5 s ta in in g  reag en ts
2 . 5.1 S i lv e r  n i t r a t e  d ip .
2 . 5.2 A n ilin e  o x a la te  sp ray
2 . 5 .3  Glucose oxidase
2 . 5 .4  G alactose oxidase
2 . 5.5  P e rio d a te  permanganate sp ray
2 . 5.6  Urea h y d roch lo ride  36
2 . 5 .7  F inhydrin  36
2 .6  Gas l iq u id  chromatography ( G .I .c .)
2 .6 .1  In s tru m en ta tio n  37
2 .6 .2  The columns 37
2 .6 . 3  Gas chromatography lin k e d  to  mass 3 7
spectrom etry
2 .7  A ssays and a n a ly s is
2 . 7.1 Carbohydrate content
2 . 7.2  Uronic a c id  d e te rm in a tio n
2 .7 .2 a  M odified carbazo le  re a c t io n  '
2 .7 .2 b  The metahydroxy diphenyl method
2 .7 «3 Su lphate  e s tim a tio n  .
2 . 7 .4  F itro g e n  and p ro te in  con ten t
2 . 7.5 T h io h a rh itu r ic  a c id  t e s t  (TBA)





2 .8  General re a c tio n s  and p re p a ra tio n s
2 .8 .1  P re p a ra tio n  o f A m herlite  IR 120H*^  d ry  form 41
in  methanol
2 .8 .2  P re p a ra tio n  o f d im eth y lsu lp h in y l carhanion  4 I
2 . 8.3  E s té r i f i c a t io n  o f u ro n ic  a c id  42
2 . 8 .4  R eduction o f sugar to  a l d i t o l  42
2 . 8.5  T r im e th y ls ily l d e r iv a tiv e s  42
2 .8 .6  A ld ito l  a c e ta te s  43
2 .8 .7 a  M éthy lation  hy Hakomori method 45
2.8.71) M éthy lation  w ith  diazom ethane 4 4
2 .8 .8  P e rio d a te  o x id a tio n  4 ^
2 . 8.9 P rep a ra tio n  o f DE-52 io n  exchange c e llu lo s e  4 ^
column
2 .8 .1 0  P rep a ra tio n  o f DEAE-Sephadex molyhdate column 45
2 .8 .1 1  P rep a ra tio n  o f Sepharose 4B column 46
2 .8 .1 1 a  Packing o f th e  column 46
2 .8 .1 1h D eterm ination  o f th e  vo id  volume (V^) and 46
th e  t o t a l  volume (v^) o f th e  column packed 
w ith  g e l f i l t r a t i o n  media
2 .8 .1 2  D esulphation  hy a lk a l i  47
PART-ODE
CHAPTER 3 CARBOHYDRATES OF PHAEOPHYCEAE
3.1 In tro d u c tio n  4 g
3 -1 »1 Low m olecular w eight carbohydrates 49
3*1«2 Water so lu b le  p o ly sacch arid es  50
3 .1 .2 a  Food re se rv e  m a te r ia l 5O
3 .1 .2 b  O ther so lu b le  p o ly sacch arid es  ^-|
58
Experiment 3.4*8 E stim atio n  o f th e  gu lu ro n ic  to
mannuronic a c id  r a t i o  in  th e  a lg in ic  
a c id
3 . 1.3 S tru c tu ra l  p o ly sacch arid es
3.2 D ic ty o p te r is  plagiogramma (Montague) V ickers 58
3 .3  EXPERBTEHTAL-A 
Experim ent 3*3.1 Exam ination o f th e  weed
Experiment 3*3*2 E th an o lic  e x tra c t io n  6O
Experiment 3.3*3 Aqueous e x tra c t io n  64
Experiment 3.3*4 Acid e x tra c t io n  
Experiment 3*3.5 ‘ A lk a li e x tra c tio n
64
64
3 .4  In v e s t ig a t io n  o f th e  d i f f e r e n t  e x tra c ts
EXPERIMEFTAL-rB
Experim ent 3*4*1 The e th an o lic  e x tra c t  53
Experiment 3*4*2 The aqueous e x tra c t  55
Experiment 3*4*3 The a c id  e x tra c t  55
Experiment 3*4*4 The fucan  from a lk a l i  e x tra c t  gg
Experiment 3*4*5 Exam ination o f calcium  a lg in a te  gg
from a lk a l in e  e x tra c t
Experiment 3*4*6 In v e s tig a t io n  o f  th e  sodium a lg in a te  67
Experiment 3*4*7 D irec t e x tra c t io n  o f a lg in ic  a c id  67
70
8Page
3.5 F ra c t io n a tio n  experim ents EXPERIMEDTAL -  C
Experim ent 3.5*1 In v e s t ig a t io n  o f aqueous e x tra c ts  by 
h ig h  p re s su re  l iq u id  chromatography
( h p l c )
71
Experiment 3*5*2 F ra c t io n a t io n  o f th e  aqueous e x tra c ts  72
on DE-52 c e l lu lo s e  column
Experiment 3*5*3 Com position o f th e  d if f e r e n t  f ra c tio n s  
from DE—52 c e llu lo s e  column o f 
experim ent 3*5*3
72
Experim ent 3*5*4 F ra c t io n a t io n  o f th e  aqueous e lu a te  y 2
(glucan)
Experim ent 3*5*5 A ttem pted f r a c t io n a t io n  o f th e  hot
aqueous e x tra c t  from experiment 3*3*3 
w ith  *hyamine-l622*
Experim ent 3*5*6 Com position o f th e  d if f e r e n t  f r a c tio n s  
from experim ent 3*5*5
73
74
Experiment 3*5*7 F ra c t io n a t io n  o f th e  ac id  e x tra c t from
experim ent 3*3*4 by G etrim ide p re c ip i ta t io n
Experiment 3*5*8 F ra c t io n a t io n  o f th e  a c id  e x tra c t from 75
experim ent 3*3*4 by tr im e th y ls ily a te d  
g la ss  f i b r e  paper (TGPP) e le c tro p h o re s is
3 .6  S tru c tu ra l  s tu d ie s  o f glucan and * fucans * 7 5
EXPERIMEFIAL -  D
Experiment 3*6.1 P e rio d a te  o x id a tio n  o f g lucan yg
Experim ent 3*6.2 M éthy la tion  o f  ’ fucan* by Hakomori
method 77
Experim ent 3*6.3 S ep a ra tio n  and c h a ra c te r is a t io n  of th e  , yy  
slow moving component o f m ethylated  
fucan-A hydro ly s a te
Experiment 3*6*4 Gel f i l t r a t i o n  s tu d ie s  o f th e  m ethylated  yg
fucans
Experiment 3*6*5 P e rio d a te  o x id a tio n  s tu d ie s  o f fucan-A. yg
Experim ent 3*6.6 D e su lp h a tio n  o f  * fu can s * w ith  a lk a l i  g^
9 '
P a g e
Experiment 3*6.7 Composition o f th e  desu lphated  * fucans * 80
Experiment 3 .6 .8  I d e n t i f i c a t io n  o f th e  new sugar 80
Experiment 3*6.9 Gel f i l t r a t i o n  s tu d ie s  o f fucans 81
b e fo re  and a f t e r  d esu lp h a tio n
Experiment 3*6.10 Treatment o f desu lpha ted  fucan  w ith  g ^
sodium methoxide
Experiment 3 .6 .11  D esu lphation  o f *fucan* by Pavlenko 82
method
Experiment 3 .6 .1 2  M éthylation  o f  Pavlenko desu lphated
*fucan* w ith  diazom ethane
3.7*4 A lk a li e x tra c t  from se q u e n tia l e x tra c tio n
(E x trac t 4» 5 and 6)
3 . 7.10 F ra c tio n a tio n  o f th e  a c id  e x tra c t  by
tr im e th y ls i ly la te d  g la s s  f ib r e  paper (TGFP) 
e le c tro p h o re s is
83
Experiment 3*6.13 M éthylation  o f a lk a l in e  desu lphated  3 5
* fucans * by Hakomori method
3*7 RESULTS ADD DISCUSSIOF
3 . 7*1 The e th a n o lic  e x tra c t  (E x tra c t- l)  85
3*7*2 Aqueous e x tra c ts  (E x tra c ts  2A and 2B) 86
3*7*3 The a c id  e x tra c t  (E x trac t 3) 88
89
FRACTIOHATIOF OF EXTRACTS (2A), (2B) and 3
96
96
3 , 7*5 In v e s tig a t io n  o f aqueous e x tra c ts  by h igh
p re ssu re  l iq u id  chromatography (HPLC)
3 . 7*6 F ra c tio n a tio n  o f th e  aqueous e x tra c ts  on
DE-52 c e l lu lo s e  column
3 . 7*7 F ra c tio n a tio n  o f th e  aqueous e lu a te  (glucan) IQ l
3 , 7 ,8  Attempted f r a c t io n a t io n  o f  th e  hot aqueous 104
e x tra c t w ith  hyamine 1622
3*7*9 F ra c tio n a tio n  o f th e  a c id  e x tra c t  by iQ g
C etrim ide p r e c ip i ta t io n
111
STRUCTURAL IFVESTIGATIOF
3 .7 «21 D esulphation  o f  *fucan* hy Pavlenko method
3 . 7.22 M éthy lation  o f Pavlenko desu lphated  *fucan*
w ith  diazomethane
3 .8  Conclusion
10
Page
3 . 7.11 P e rio d a te  o x id a tio n  o f g lucan
3 . 7.12 M éthy lation  o f * fucan* hy Hakomori method i 24
3 . 7.13 C h a ra c te r is a tio n  o f th e  slow moving 
component o f m ethylated  * fucan—A 
h y d ro ly sa te
116
134
3 . 7 .14  Gel f i l t r a t i o n  s tu d ie s  o f th e  m ethy la ted  I 3Ô
fucans
3 . 7.15 P e rio d a te  o x id a tio n  s tu d ie s  o f fucan  155
3 . 7.16  D esulphation  o f *fucans* w ith  a lk a l i  I 53
3 . 7 .17 Composition o f th e  desu lphated  * fucans * 143
3 . 7 .18  I d e n t i f i c a t io n  o f th e  new sugar .
145
3 . 7.19 Gel f i l t r a t i o n  s tu d ie s  o f fucans b e fo re  
and a f t e r  d esu lp h a tio n




3 . 7.23 M éthy lation  o f a lk a lin e  desu lpha ted  * fucans * 161
by Hakomori method
164
CHAPTER 4 IHVESTIGATIOF OF THE RESIDUAL MATERIAL
AFTER AQUEOUS ADD ACID EXTRACTIOF OF 
D esm arestia firm a ADD OF THE ALGIFATE 
FROM D. l i ^ l a t a  ADD D. firm a  BY DIRECT 
ALKALI EXTRACTIOF OF THESE WEEDS
4.1 In tro d u c tio n
4 .2  Experim ental  ^gy
11
Page
Experim ent 4*2.1 A lk a li e x tra c t io n  I 67
Experiment 4*2.2  Composition o f fucan-S Ig g
Experim ent 4*2.3  A ttem pted f r a c t io n a tio n  o f * fucan-S  * I 69
by polyacry lam ide gel e le c tro p h o re s is
Experim ent 4*2 .4  A n a ly tic a l u l t r a c e n t r i fu g a t io n  o f th e  jg g
fucan-S
Experiment 4*2.5 D eterm ination  of th e  *fucose content*  jyQ
of fucan-S
Experim ent 4 .2 .6  Conversion o f calcium a lg in a te  to  ^
sodium a lg in a te
Experim ent 4 .2 .7  In v e s t ig a t io n  o f th e  sodium alginate 171
Experim ent 4 .2 .8  D irec t a lk a l in e  e x tra c tio n  of a lg in ic  171
a c id  from D esm arestia firm a and 
D esm arestia l ig u la ta
Experim ent 4 * 2 .8a F e u t r a l i s a t io n  w ith  tr ie th y la m in e  I 7 I
Experiment 4 .2 .8 b  N e u tra l is a t io n  w ith  sa tu ra te d  calcium  M \
carbonate
Experim ent 4 -2 .9  Exam ination o f th e  a lg in a te s  iy ^
Experiment 4 -2 .10  Composition o f *fucan* from d ir e c t  17^
a lk a l in e  e x tra c tio n
4 .3  RESULTS ADD DISCUSSION
4 . 3.1 The se q u e n tia l a lk a l i  e x tra c t 174
4 . 3.2  Composition o f  fucan-S from se q u e n tia l ^ 7 4
a lk a l i  e x tra c ts
4 . 3.3  Attem pted f r a c t io n a t io n  o f th e  * fucan-S* 175
by  polyacry lam ide ge l e lec tro p h o re s is
4 . 3 .4  U lth a  c e n tr ifu g a l  s tu d ie s  o f th e  d i f f e r e n t  175
*fucans *
4 . 3.5 Fucose con ten t
4 . 3.6 In v e s t ig a t io n  o f  th e  a lg in ic  a c id  181
4 . 3.7  • * Fucans * from d ire c t  a lk a l in e  e x tra c ts  184
4 .4  C onclusion
12
5 .1 .3  C oscinodiscus n o b i l i s
5 .2  Experim ental
PART-TWO
CHAPTER 5 CARBOHYDRATES OF THE EXTRACELLULAR
MUCILAGE OF THE MARINE DIATOM 
C oscinodiscus n o b i l is
5*1 In tro d u c tio n  -|gg
5 . 1.1 C arbohydrates o f  th e  B ac illa rio p h y ceae  -|gg
5 . 1.2 C la s s i f ic a t io n  o f th e  carbohydrates o f jg g
diatom s
1905.1.2A  Low m olecu lar w eight carbohydrates '
5 .1 .2B  Ife te r so lu b le  food re se rv e  po lysaccharide  ^g,|
5 . 1 . 2c O ther p o ly sacch arid es  (A lka li e x tra c t)  193
5 . 1 . 2D E x tra c e l lu la r  po ly sacch arid e  196
197
5 . 2.1 P re lim in a ry  in v e s t ig a t io n  o f th e  mucilage 199
and diatom
5 . 2.2 S eq u en tia l e x tra c t io n  o f m ucilaginous c la y  2OO
5 . 2.3 S ystem atic  in v e s t ig a t io n  of th e  m ucilage 201
e lab o ra te d  by th e  c u ltu re d  diatom
5 . 2 .4  P re p a ra tio n  o f th e  c u ltu re  so lu tio n  2Qj
5 . 2.5  C u ltu re  o f th e  diatom  202
5 . 2.6  I s o la t io n  and p u r i f i c a t io n  o f th e  e x tra -  202
c e l lu la r  p o ly sacch arid e
5 . 2.7  Composition o f th e  p u r i f ie d  po lysaccharide  203
5 . 2 .8  F ra c tio n a tio n  o f  th e  po lysaccharide  on 203
DE-52 c e l lu lo s e  column
5 . 2.9 Composition o f th e  d i f f e r e n t  f r a c t io n s  203
5 . 2.10 M éthy la tion  o f th e  e x tr a c e l lu la r  203
p o ly sacch arid e
5 . 2.11 Com position o f th e  p a r t i a l l y  m ethylated 2 0 4
p o ly sacch arid e
13
5 .2 .1 4  S e p a ra tio n  and c h a ra c te r is a t io n  o f  th e
slow moving components o f (2 x Hakomori) 
m ethy la ted  m ucilage
5 . 2.15 S e q u e n tia l e x tra c t io n  o f  diatom
5 . 2 .1 6  E x tra c t io n  procedure
5 . 2.17 Com position o f th e  aqueous e x tra c ts  o f
th e  diatom
Appendix
5 . 2.12 P e rio d a te  o x id a tio n  o f mucilage hy Avigad 204
method






5 . 2 . 1 8  Com position o f th e  a lk a l i  e x tra c t 207
5.3  RESULTS AND DISCUSSION
5 . 3 .1  P re lim in a ry  in v e s t ig a t io n  o f th e  m ucilage 207
and diatom
5 . 3 . 2  ■ C o n s titu en ts  o f  th e  mucilage (a) , (b) and 2O8
diatom  (d) and t h e i r  c h a ra c te r is a tio n
5 . 3.3 Com position o f  th e  p u r if ie d  e x tr a c e l lu la r  210
p o ly sacch arid e
5 . 3 .4  F ra c t io n a tio n  o f m ucilage (c) hy DE-52 2 15
c e l lu lo s e  column
5 . 3.5  C h a ra c te r is a tio n  o f a  g lucan 213
5 . 3 . 6  M éthy la tion  s tu d ie s  o f th e  mucilage (c) 215
5 . 3 .7  In v e s t ig a t io n  o f th e  su lphated  u ron ic  a c id  215
c o n ta in in g  p o ly sacch arid e (s)
5 . 3 . 8  C h a ra c te r is a tio n  o f o ligou ron ic  a c id  219
5 . 3 . 9  P e rio d a te  o x id a tio n  s tu d ie s  220
5 . 3 .1 0  C arbohydrate c o n s ti tu e n ts  o f th e  diatom  221
5 .4  C onclusion 222
R e fe re n c e s  223
P u b lic a t io n
14
LIST OF TA BLES P a g e
T a b le  3. 1 P r o p e r t i e s  o f  the aq u eou s  e x t r a c t s .  86
T ab le  3 ,2  A p p r o x im a te  r e l a t iv e  p ro p o rt io n  of  the 87
c o n s t i tu e n t  m o n o s a c c h a r id e s  in  the ./v.'s 
hot a q u eo u s  e x t r a c t  (2B) of D -p la g io g r a m m a .
T ab le  3. 3 A p p r o x im a te  r e l a t i v e  p ro p o r t io n  of  the 88
m o n o s a c c h a r id e  co m p o n en ts  of the ac id  
e x tr a c t  ( E x t r a c t - 3).
T ab le  3 . 4  Y ie ld  and v i s c o s i t i e s  o f  a lg in ic  a c id s  91
is o la t e d  f r o m  d if f e r e n t  brow n  a lg a e .
T ab le  3. 5 T he D - m a n n u r o n ic  / L  - gu luron ic  (M/G) 92
ra tio  o f  a lg in ic  a c id  ob ta in ed  fr o m  
D ic ty o p te r i s  p la g io g r a m m a  b y  d ir e c t  
a lk a lin e  e x tr a c t io n .
T ab le  3. 6 C o m p o s it io n  o f  th e  d if fe r e n t  ex tr a c ts  93
ob ta in ed  b y  s e q u e n t ia l  e x tr a c t io n  of  
D - p la g io g r a m m a .
T abl e 3 .7  M o n o s a c c h a r id e  co m p o n en ts  in  the 94
h y d r o ly s a te  o f  d i f f e r e n t  e x tr a c ts .
T a b le  3. 8 F r a c t io n a t io n  o f  (2A) on D E -5 2  colum n, 98
T a b le  3 .9  F r a c t io n a t io n  o f  (2B) on  D E -5 2  colum n. 99
T ab le  3 .1 0  F r a c t io n a t io n  o f  a q u eo u s  e lua te  on 103
D E A E -S e p h a d e x  m o ly b d a te  co lum n.
T ab le  3 ,1 1  M o n o sa c c h a r id e  co m p o n en ts  of the 103
h y d r o ly s a te s  o f  e x t r a c t s  (2A and 2B).
T ab le  3. 12 P r o p e r t i e s  o f  the d if fe r e n t  fr a c t io n s  o f  109
hy a m in e  f r a c t io n a te d  p o ly s a c c h a r id e  (2B).
T a b le  3 .1 3  M o n o s a c c h a r id e  co m p o n en ts  of the 109
d if fe r e n t  f r a c t io n s  and th e ir  approx im ate  
m o la r  p r o p o r a t io n ,
I ^
T ab le  3. 14 P r o p e r t i e s  o f  th e  d if f e r e n t  fr a c t io n s  113
ob ta in ed  by 'C etr im id e*  fra c t io n a t io n  
o f  the e x t r a c t - 3 ( fu can -A ) of  
D -p la  g io g r a m m a .
T a b le  3 ,1 5  C o m p o s it io n  o f  th e  s ta t io n a r y  and m oving  115
fr a c t io n s  o f  th e  T G F P  fra c t io n a ted  
' fu ca n -A '.
15
T a b le  3, 16 R e d u c t io n  o f  p e r io d a te  by g lucan.
T a b le  3 .1 7  P e r c e n t a g e  and  c o m p o s i t io n  of la m in a r a n
in  d if fe r e n t  s p e c i e s  o f  b row n  sea w eed .
T ab le  3. 18 P a r t i a l ly  m e th y la te d  m o n o s a c c h a r id e s
c h a r a c t e r i s e d  by  g. 1. c .  and g. 1. c .  -m . s .  
fr o m  the h y d r o ly s a t e s  of m eth y la ted  
fu c a n -A  a f te r  c o n v e r s io n  into  a ld ito l  
a c e ta te .
T ab le  3. 19 M o n o s a c c h a r id e s  ob ta in ed  fr o m  o l ig o ­
u r o n ic  a c id .





T a b le  3 .2 0  P r o p e r t i e s  o f  the  d if fe r e n t  fu can s  b e fore  140
and a f te r  a lk a l in e  d esu lp h ation .
T a b le  3 .2 1  M o n o s a c c h a r id e  co m p o n en ts  id en tif ied  a s  159
th e ir  a ld ito l  a c e t a t e s  by g. 1. c . and  
g. 1. c . - m .  s .  a f t e r  d esu lp h ation  with  
th io n y lc h lo r id e  and  m éth y la t io n  with  
d ia z o m e th a n e .
T a b le  3 .2 2  P r o p e r t i e s  o f  the d if fe r e n t  fr a c t io n s  o f  160
'Pavlenko' t r e a t e d  fu ca n -X .
T a b le  3 ,2 3  P a r t ia l ly  m e th y la te d  m o n o sa c c h a r id e  162
co m p o n en ts  in  the h y d r o ly s a te s  of  
m e th y la te d  a lk a l in e  d esu lp hated  fu can -A .
T ab le  3 .2 4  P a r t ia l ly  m e th y la te d  m o n o sa c c h a r id e  163
co m p o n en ts  in  the h y d r o ly s a te s  of  
m e th y la te d  D S P  - II and D S F -B .
T a b le  4 .  1 A p p r o x im a te  p e r c e n t a g e s  o f  the d ry  166
w eig h t  o f  the p o ly s a c c h a r id e s  i s o la t e d  
fr o m  two s p e c i e s  o f  D e s m a r e s t ia .
T ab le  4 , 2  'F u c o s e  con ten t' d e te r m in a t io n  by m o d if ied  179  
N ic o le t  and Shinn m eth o d .
T a b le  4 .  3 The ' fu c o se  co n ten t '  d e te r m in a t io n  of the 179
d if fe r e n t  fu ca n s  and p o w d er ed  s e a w e e d s  by  
m o d if ie d  R o s s  and P e r c i v a l  m ethod .
T ab le  4 . 4  V iso o siti.es o f  1% so lu t io n s  of sod iu m  183
a lg in a te s .
16
P a g e
T a b le  5. 1 P e r c e n ta g e  o f  the c a rb o h y d ra te  189
c o n s t itu e n ts  in  the c e l l s  o f  the d ia tom s.
T a b le  5 .2  P r o p e r t ie s  o f  cr u d e  and p u r if ie d  208
m u c i la g e .
T a b le  5. 3 C o m p o s it io n  o f  th e  p u r if ie d  m u c i la g e .  210.
T a b le  5 . 4  A p p ro x im a te  r e l a t iv e  p r o p o r t io n  o f  211
m o n o s a c c h a r id e  o f  the m u c i la g e  d e term in ed  
by g. I . e .
T a b le  5. 5 A p p ro x im a te  r e l a t iv e  m o la r  p ro p o rt io n  o f  212
the m o n o s a c c h a r id e s  o f  the m u c i la g e  
d e te r m in e d  b y  p . c.
T a b le  5. 6 F r a c t io n a t io n  o f  m u c i la g e (C )  by D E -5 2  213
C e l lu lo s e  c o lu m n .
T a b le  5. 7 C onstitu en t  s a c c h a r id e s  id e n t if ie d  in  the 214
h y d r o ly s a te s  o f  m u c i la g e (C )  b e fo r e  and  
a fter  p e r io d a te  o x id a t io n .
T a b le  5. 8 M ethy la ted  s u g a r s  te n ta t iv e ly  id en t if ied  216
by p. c . in  the h y d r o ly s a te  o f  m u c ila g e  (C).
T a b le  5 .9  M ethy la ted  s u g a r s  id e n t if ie d  by g. 1. c .  217
in  the h y d r o ly s a te  o f  m u c ila g e (C ) .
T a b le  5 . 1 0  M o n o sa c c h a r id e  co m p o n en ts  id en t if ied  220
fr o m  d if fe r e n t  f r a c t io n s  o f  o l ig o u r o n ic  
ac id .
17
CHAPTER 1 GENERAL INTRODUCTION
1 .1  Algae a re  a  w idely  d is t r ib u te d  c la s s  o f p la n t l i f e  belonging  
to  th e  low est d iv is io n  (T hallophyta) which have a t ta in e d  about th e  same 
le v e l o f rud im en tary  developm ent, and which po ssess  ch lo ro p h y ll (a) ; 
c a rry  on p h o to sy n th e s is , and a re  th e re fo re  independent to  make th e i r  
own food . They have a g rea t d iv e r s i ty  o f form, some a re  s in g le  c e lle d  
and may be m o tile  o r nonm otile; th e se  u n ic e l lu la r  forms ag a in  d i f f e r  
g re a t ly  in  shape and u s u a lly  a re  m icroscopic  in  s iz e .  In  some th e  
in d iv id u a l c e l l s  may become grouped in to  r e l a t i v e l y  loose  aggregations 
known as c o lo n ie s , which may be filam en tous ( th r e a d l ik e ) ,  such as 
S p iro g y ra ; s p h e r ic a l  or p la te l ik e  such as Chlamydomonas. In  many o f 
them however, th e  p la n t body i s  m u l t ic e l lu la r  w ith  th e  c e l l s  
arranged  end to  end form ing a branched f i la m e n t, f o r  example 
C ladophora. In  c e r ta in  groups numerous filam e n ts  a re  compactly organised 
to  form a  t i s s u e  which in  croBS-section resem bles th e  parenchyma o f h igher 
p la n ts  as found in  Macro cyst i s  p y r if e r a  and L essonia f la v ic a n s .
1 . 2  A lth o u ^  a lg ae  may occur in  v a r ie ty  o f p laces , in  th e  s o i l ,  in  
m oist p la ce s  such as rocks, c l i f f s ,  w a lls  and t r e e s ,  th e y  occur m ainly 
in  s a l t  w a te r . As th ey  a re  e s s e n t ia l ly  p h o to sy n th e tic  organism s, t h e i r  
occurrence i s  th e re fo re  r e s t r i c t e d  to  th o se  p a r ts  o f th e  sea  where l ig h t  
i s  a v a i la b le .  They a re  found e i th e r  as  a  p a r t  o f th e  f r e e  f lo a t in g  and 
f r e e  swimming organism s which make up th e  p lan k to n  or as b en th ic  organisms 
ly in g  on th e  bottom , whereas th e  la rg e r  a lg ae  a re  found a tta ch e d  to  ro ck s .
j ^ Many o f th e  a lg ae  a re  of co n sid e rab le  economic im portance fo r  
p ro v id in g  food f o r  f i s h ,  c a t t l e  and man. The la rg e r  sp ec ies  a re  used 
as s o i l  im provers and f e r t i l i s e r s  due to  t h e i r  g e la tin o u s  n a tu re  and to  
th e  p resence  o f  io d in e , potassium  and o th e r  m in e ra ls . Some a re  used as
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sources o f g e la tin o u s  substances such as a g a r , carrageenan and a lg in a te .  
The two form er as s u b s tr a te s  fo r  th e  c u ltu re  o f b a c te r ia  and a l l  th re e  
as congea ling  ag en ts  fo r  d e s s e r ts  and c o n fe c tio n s , as in g re d ie n ts  of 
co sm etics , d e n t i f r i c e s ,  shaving  creams, shampoos and o th e r in d u s t r ia l  
p ro d u c ts .
^ ^ 4  ^ Algae a re  commonly c la s s i f i e d  in to  se v e ra l major groups on th e
b a s is  o f t h e i r  c o lo u r . Although a l l  th e  marine a lg ae  co n ta in
ch io rophy l 1(a) th e  co lou r o f th e  ch lo ro p h y ll in  some c la s se s  i s  masked 
by s tro n g ly  co loured  pigm ents. This has r e s u l te d  in  fo u r main c la s s e s , 
namely brown (Phaeophyceae) ; green  ( Chi or ophyc eae) ; red  ( %  o d q p ^ c  ea e) 
and b lu e -g re e n  ( Cyanophjyceae) a lg a e . In  a d d itio n  th e re  a re  a number, o f 
o th e r  d iv is io n s  in c lu d in g  th e  B ac illa rio p h y ceae  or d ia tom s.
The brown and red  a lg ae  a re  found alm ost e x c lu s iv e ly  in  marine 
h a b i ta t s  and a re  u s u a lly  r e f e r r e d  to  as seaweeds. N early a l l  sp ec ies  
o f Rhodophyceae a re  co loured  b r ig h t red  by b i l ip r o te in s  and th e  
Phaeophyceae d e riv e  t h e i r  brown co lou r from X anthophyll, fu co x an th in .
1 The carbohydrates p re sen t in  a lg ae  can be rough ly  d iv ided  in to  th e
fo llo w in g  th re e  groups.
A. Low m olecular weight carbohydrates (so lu b le  in  80fo E th an o l) .
B. Water so lu b le  p p ly saccharides
(a)Pood re se rv e  m a te ria l
(b)Other so lu b le  p o ly sacch a rid es .
C. C ell w all m a te r ia l or s t r u c tu r a l  p o ly sacch a rid es .
This th e s i s  w il l  d eal only  w ith  marine a lg ae  be long ing  to  th e  
Phaeophyceae and B a c il la r io p hyceae (diatom s) . The d i f f e r e n t  types o f 
carbohydrates m etabo lised  by th e se  c la s se s  w il l  be d iscu ssed  in  d e ta i l  in  
P a rt I  and P a rt I I ,  r e s p e c t iv e ly .  A b r i e f  d e s c r ip t io n  o f  carbohydrates 
o f th e  o th e r  two main c la s se s  o f marine a lg a e , namely Rhodophyceae and 
Chlorophyceae i s  b e in g  g iven  h e re .
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■j 5  ^ C arbohydrates o f Rhodophyceae
1 ^ 1 Low m olecu lar weight carbohydrates
A g a la c to s id e , named f lo r id o s id e ,  which i s  a  2 -0 -a -D -g a lac to - 
pyranosy l g ly c e ro l i s  p re sen t in  many sp ec ie s  o f Rhodophyceae, * 
and seems to  be an end-product o f p h o to sy n th esis  and a re se rv e  m a te ria l 
in  th e  red  a l g a e I n  some sp ec ie s  2-0-a-D -m annopyranosyl-D -glyceric
5 6a c id  seems to  be more im portan t s u g a r -d e r iv a t iv e , e .g .  in  P o ly sip h o n ia .
In  a d d it io n , 0 -a-g-m annopyranosyl-( 1—> *3)-0-a-D -galactopyranosyt( 14^2)- 
g ly c e ro l and 1-O -a-D -galactopyranosyl g ly c e ro l ( is o f lo r id o s id e )  have been
7
i s o la te d  from se v e ra l red  a lg ae  and v a rio u s  a ld i t o l s  and in o s i to ls  have 
a lso  been found in  some s p e c ie s .
1 ,6 T 2  Water so lu b le  po ly sacch arid es
(a) Food re se rv e  m a te ria l
F lo r id e an  s t a r c h . This re se rv e  p o ly saccharide  i s  p re sen t 
in  th e  shape o f c h a r a c te r i s t i c  g ra n u le s . I t  was f i r s t  is o la te d  from 
F u r c e l la r ia  f a s t i g i a t a  by Kjdin in  1913, and shown to  be a g lucan which i s  
r e la te d  s t r u c tu r a l ly  to  am ylopectin  o f land  p la n ts .^  I t  i s  e s s e n t ia l ly  
an  a - ( l —^ 4) - l in k e d  glucan w ith  (l-4>-6)-b ranch  p o in ts  and an average 
ch a in  le n g th  o f 9-15»^ though a sm all p ro p o rtio n  o f a - ( 1—^ 3 ) -lin k a g e s  
has been re p o rte d  in  some s p e c ie s .
(b) O ther so lu b le  p o ly sacch arid es
The w ater so lu b le  po ly sacch arid es  from th e  red  a lg ae  a re
m ainly  g a la c ta n s . They a re  e s s e n t ia l ly  l in e a r  polymers o f a l te r n a t in g
( 1—► l)- and ( 1—*"4) - lin k e d  g a lac to se  u n i t s .  This sim ple p a t te r n  is
o f te n  masked by o th e r f e a tu re s ,  depending on th e  a lg a  from which th e
p o ly sacch arid e  has been is o la te d .  The d if fe re n c e s  a re  due to  th e
presence  o f bo th  D and ^ g a la c to s e ,  3 ,6-anhydro-D  and L -g a lac to se ,
6_0-m ethy l-D -galactose, and o c c a s io n a lly  g a lac to se  s u b s t i tu te d  a t  0 - 4 a n d 0 .6
10with pyruv ic  a c id  and vario u s  degrees o f su lp h a tio n . .These u n i ts  o f f e r
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a "broad spectrum  o f p o ly sacch arid es  com prising chains o f a l te r n a te
( 1—^ 3 ) -  and ( 1—^ 4 ) - l in k e d  g a lac to se  o r m odified g a lac to se  u n its .^ ^
The in d iv id u a l polymers d i f f e r  in  t h e i r  f in e r  d e ta i l s  o f s t ru c tu re
12p o s s ib ly  due to  a  p a r t i c u la r  environm ent.
The g a lac ta n s  can be d iv id ed  in to  th re e  d i f f e r e n t  groups of 
p o ly sa c c h a r id e s , namely a g a r , porphyran and carrageenan  ty p e , although 
p o ly sacch arid es  r e la te d  to  more th a n  one o f th e se  types have been found.^
Agar
Agar i s  sy n th e s ised  by a wide v a r ie ty  o f sp ec ie s  o f th e  red  a lg ae ,
such as Gelidium and G ra c i la r ia  sp ec ie s  g e n e ra lly  c a lle d  agarophy tes.
I t  i s  th e  common name fo r  a m ixture o f p o ly sacch arid es , which o r ig in a l ly
were thought to  c o n s is t o f two po ly sacch arid es  only , namely th e  n e u tra l
15agarose  and th e  su lp h a ted  a g a ro p e c tin . Comprehensive recen t s tu d ie s  
however, have in d ic a te d  th a t  i t  i s  composed o f a complex s e r ie s  o f r e la te d  
p o ly sacch arid es  rang ing  from an alm ost n e u tra l  to  a  h ig h ly  charged 
g a la c ta n . The extrem es o f s t ru c tu re  can be d e fined  as fo llo w s .
( a ) . T^eutral a g a ro se .
This c o n s is ts  o f chains o f a l te r n a t in g  (_1—^ 4 )  - l in k e d  3 ,6-anhydro- 





( B) # Pyruvy lated  agarose w ith a l i t t l e  su lp h a te
The m olecules w ith  s u b s t i tu t io n  o f pyruv ic  a c id  c o n s is t o f th e  same 
a l te r n a t in g  p a t te r n  w ith  about one in  tw enty  D -galactose  re s id u e s  be ing  
py ru v y la ted  as 4 ,6 -0 - ( l-c a rb o x y -e th y lid in e )-B -g a la c to s e  un its '*^  and a
few o f  th e  ( l —> 4) -linked , re s id u e s  p re sen t as L -g a la c to se -6 -su lp h a te  • • 







R = CHgO SO^ H
P ig .1.2
( C ) .  A h ig h ly  su lp h a ted  g a lac ta n
These m olecules co n ta in  l i t t l e  o r no 3»6-anhydrogalactose or
pyruv ic  a c id  hu t c o n s is t o f a l te r n a t in g  ( 1—^ 3 ) -  and (1—^ 4 ) - lin k e d
g a la c to se  re s id u e s  mono- and d isu lp h a te d .
The ahove c la s s i f i c a t io n  re p re se n ts  on ly  th e  extreme case , recen t
17f r a c t io n a t io n  s tu d ie s  on DEAE-Sephadex have in d ic a te d  th a t  agar i s  not 
made up o f one n e u tra l  and one charged p o ly sacch arid e , hut i s  composed 
o f a  complex s e r ie s  o f r e la te d  p o ly sacch arid es  rang ing  from alm ost 
n e u tra l  to  a  h ig h ly  charged g a la c ta n . F u r th e r  evidence o f h e te ro g e n e ity  
was o b ta ined  hy f r a c t io n a t io n  on Dowex 1 x 2  ion  exchange columns.
Carrageenan
Carrageenan i s  e x tra c te d  from red  a lg ae  such as Chondrus c r is p u s , 
G ig a rtin a  and Eucheuma sp e c ie s . I t  d i f f e r s  from agar m ainly in  th a t
19 203 ,6 -anhydro -H -galac tose  re p la ce s  th e  3 ,6 -anhydro-L -galac tose  o f a g a r , *
21and has a  h ig h e r con ten t o f m ainly a lk a l i  s ta b le  e s te r  su lp h a te ..
22Smith and Cook sep a ra ted  th e  carrageenans hy f r a c t io n a l  p re c ip i ta t io n
22
w ith  potassium  c h lo rid e  in to  an in so lu b le  f r a c t io n  k -carrageenan , and 
a so lu b le  f r a c t io n  ^ -c a r ra g e e n a n .
The re p e a tin g  u n it  o f  k -ca rrag een an  c o n s is ts  o f chains o f a l te r n a te  
(1—► 3 )-lin k ed -D -g a lac to se -4  su lp h a te  and (1—► *4)-linked-3 ,6 -anhydro-^  
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^  -C arrageenan , th e  so lu b le  f r a c t io n  ob ta ined ' by potassium  ch lo rid e
f r a c t io n a t io n ,  re p re se n ts  a v e ry  complex system . I t  i s  h ig h ly  su lp h a ted ,
co n ta in s  m ainly D -g a lac to se , bu t a lso  some 3»6-anhydro-D -galactose .
I t  may be f r a c t io n a te d  f u r th e r  by p r e c ip i ta t io n  w ith  e th an o l, thus
23
g iv in g  a p o ly sacch arid e  co n ta in in g  on ly   ^ v. v g a la c to se , th i s  
c o n s is ts  o f  h ig h ly  su lp h a ted  a l te r n a t in g  ( l—► 3)- and ( l—*-4)- lin k e d  
g a la c to se  u n i t s .  Some o f th e  su lp h a te  i s  a lk a l i  l a b i l e ,  y ie ld in g
3 ,6 -an h y d ro g a lac to se  in d ic a t in g  i t s  p resence on C-3 o r C-6 o f ( 1 - ^ 4 ) - l in k e d
u n i t s .
Porphyran
This type  o f po ly sacch arid e  i s  m ainly found in  Porphyra and 
L au ren tia  s p e c ie s .  I t  resem bles agarose in  co n ta in in g  3»6-anhydro-L- 
g a la c to se  and 6-0-m e th y l-g a lac to se  and resem bles carrageenan  in  co n ta in in g  
g a la c to s e -6 -s u lp h a te .^ ^  Porphyran c o n s is ts  m ainly o f ^ - ( 1 —► 3 )-lin k ed - 
D -ga lac to se  o r 6 -0 -m eth y l-p -g a lac to se  re s id u e s  a l te r n a t in g  w ith
23
(%-( 1—4^ 4) - l in k e d -L -g a la c t08e -6- 8u lp h a t e o r  3 » 6-an h y d ro -L -g a lac to se ,
th e  p ro p o rtio n s  o f th e  anhydro sugar ag a in  vary ing  w ith  th e  season and
environm ent.^^ The m ucilage ob ta ined  from Anatheca d e n ta ta  (a member
o f th e  G rateloup ioceae) i s  one example o f a  p o ly saccharide  not belong ing
to  any o f  th e  th re e  ju s t  m entioned groups. This p o lysaccharide  has th e
"backbone" s t r u c tu r e  o f a type  (c) a g a r , but th e  h igh  su lp h a te  con ten t
(c a . 30^  , th e  p resence  o f x y lose  and sm a lle r amounts o f 3-2.-niethyl-
g a la c to se  and J^ g lu cu ro n ic  a c id  appear to  p lace  i t  o u ts id e  th e  reg io n
27o f th e  t r u e  a g a r s .  A re c en t in v e s t ig a t io n  o f th e  e x t r a c e l lu la r
28m ucilage produced by R hodella m acu la ta , a  m icroscopic u n ic e l lu la r  red  
a lg a , showed th a t  i t  comprised a su lp h a ted  h e te ro p o ly sacch a rid e  co n ta in in g  
m ain ly  xy lo se  and g lu cu ro n ic  a c id  to g e th e r  w ith  sm alle r p ro p o rtio n s  of 
3-0^-m ethyl-xylose, g a la c to se  and g lu co se . The xy lose u n i ts  a re  (l*H ^3)- 
and ( 1—»"4) - l in k e d , and g lu cu ro n ic  a c id  i s  ( l—<^ 2)- l in k e d . G lucuronic 
a c id  i s  a lso  p re sen t as end groups to g e th e r  w ith  ( l— 3) and ( l - ^  4) - l in k e d  
g a la c to s e , w hile  branch p o in ts  a re  occupied by g a lac to se  lin k ed  th ro u ^ i 
C-1, C-3 and C-4 as w ell a s  0 -1 , 0-3 and 0- 6 . Though w ater so lu b le  
x y lans and mannans have been o b ta ined  from red  seaweeds th e se  w i l l  be 
d isc u sse d  under th e  s t r u c tu r a l  headings.-
1 , 6 . 3 »  S tru c tu ra l  po ly sacch arid es
C e llu lo s e : The c e l lu lo s e  con ten t o f th e  red  a lg ae  i s  very  sm all and
29 30i t  i s  p re sen t as th e  c e l l  w all component. The s t ru c tu re  o f  th e
c e l lu lo s e  from Gelidium amansi i  was found to  be s im ila r  to  th a t  o f c o tto n
31except f o r  i t s  c o l lo id a l  p ro p e r t ie s .
Mannan: Mannan from Rhodophyceae i s  la r g e ly  obtained  by hot concentrated
a l k a l i  e x tr a c t io n ,  although a small proportion  may be ex trac ted  by co ld
IL
w ater and d i lu te  a l k a l i .  The d i f f e r e n t  e x tra c ts  a re  s t r u c tu r a l ly
s im ila r  and d i f f e r  on ly  in  t h e i r  m olecular s iz e  o r shape.
lin k e d  mannan w ith  an average chain  le n g th  o f about tw elve has been
32e x tra c te d  from th e  c e l l  w all o f Porphyra u m b il ic a l is . w hile  a  su lphated  
a - ( l — 3) - l in k e d  mannan was found in  th e  aqueous e x tra c t  o f a  ITemalion 
v erm icu lare  Sur sam ple.
X ylan; The xylans o f  Rhodophyceae a re  m ainly o f two ty p e s , e i th e r  
c e l l  w a ll m a te r ia l o r w ater s o lu b le . The f i r s t  type  i s  e s s e n t ia l ly  
l in e a r  and c o n s is ts  o f e i t h e r ^ - (  1-->-3) - lin k ed ^ ^  o r 1—#^4) -lin k ed ^^
xy lo se  r e s id u e s . The w ater so lu b le  types a re  not s k e le ta l  m a te ria l and 
a re  p o s s ib ly  food re se rv e  p o ly sac c h a rid e s . They c o n s is t o f chains o f 
bo th  ^ - ( 1—> 3) -  and ^ - ( l —>*4) -x y lo s id ic  lin k ag es  in  a  s t ru c tu re  th a t  
may be branched o r l in e a r  and th e y  may e i th e r  be pure xylans o r
35h e te ro p o ly sa c c h a rid e s .
1 ,7-r- C arbohydrates o f  Chlorophyceae 
 ^ Y 1 Low m olecu lar w eight carbohydrates
The main low m olecular w eight carbohydrate in  green a lg ae  seems 
to  be s u c r o s e . S u c r o s e ,  g lucose and f ru c to s e  have a l l  been found in  
a l l  th e  sp ec ie s  in v e s t ig a te d . In  a d d itio n  sm all q u a n t i t ie s  o f o th e r
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su g a rs , some a ld i to l s  and m yoinosito l have been found in  a  few s p e c ie s . ’
 ^ Y 2 . Water so lu b le  carbohydrates
(a) Food re se rv e  m a te r ia l . Most o f th e  sp ec ie s  so f a r
in v e s t ig a te d  chem ica lly  were found to  have s ta rc h - ty p e  glucans s im ila r
39to  th a t  o f lan d  p la n ts  com prising both  amylose and am ylopectin .-'^
Aqueous e x tra c t io n  y ie ld s  th e se  glucans to g e th e r  w ith  su lp h a ted  h e te ro ­
p o ly sa c c h a r id e s . They can be sep a ra ted  as s ta rc h - io d in e  complexes o r 
as g lucans l e f t  in  aqueous s o lu tio n  a f t e r  complexing th e  su lp h a ted
p o ly sacch arid es  w ith  c e ty l tr im e th y l  ammonium hydrox ide . The s t ru c tu re s
of th e  g lucans have been e s ta b lis h e d  th rough  enzymic, p e r io d a te -
39o x id a tio n , m é th y la tio n  and X-ray s tu d ie s .  The main d if fe re n c e  
between th e  s ta rc h e s  from th e  green  seaweeds and th o se  from th e  lan d  
p la n ts  seems to  be th a t  th e  form er have a low er m olecular w eight and 
hydro lyse  more e a s i ly  th a n  th e  l a t t e r .
F ru c tan s  have a lso  been found in  v a rio u s  g reen  a lg ae  and th e y  a re  
thought to  be th e  food re se rv e  m a t e r i a l . I n  A c e ta b u la ria  c re n u la ta ^  ^
th e  f r a c t io n  was shown to  be o f th e  in u l in  ty p e , i . e .  a  l in e a r  
(2—^ 1) - l in k e d  p o ly sacch arid e  w ith  average m olecu lar s iz e  v a ry in g  from 
33 to  62 u n i t s .
(b) O ther so lu b le  p o ly sacch arid es
According to  P r e s t o n , t h e s e  p o ly sacch arid es  a re  m ainly 
c o n s ti tu e n ts  o f th e  continuous amorphous phase o f th e  c e l l  w a lls  and 
comprise 30-70^ o f th e  d ry  w eight in  d i f f e r e n t  a l g a e . T h e y  can 
roughly  be d iv id ed  in to  two groups depending on t h e i r  sugar u n i t s .
The f i r s t  group co n ta in s  m ainly g a la c to s e , a rab in o se  and xy lose  
u n i ts  and has been ob ta in ed  from sp ec ie s  o f  C ladophora,^^ Chae t omorpha, 
C aulerpa,^^ Codium^^ and R h i z o c l o n i u m ' The second group co n ta in s
m ainly rhamnose, xy lose  and g lu cu ro n ic  a c id  and has been o b ta in ed  from
50 51 52Enteromorpha com pressa. Ulva la c tu c a , A crosiphonia  a r c ta  and '
U rospora p e n i c i l l i f o r m i s The p o ly sacch arid e  from A ce ta b u la ria  c re n u la ta ^ ^
on th e  o th e r  hand i s  o f an in te rm e d ia te  s t r u c tu r e  as i t  co n ta in s  g a la c to se ,
x y lo se , rhamnose and g lu cu ro n ic  a c id  as th e  main components.
The h a l f  e s te r  su lp h a te  con ten t (0.S0^H) o f th e  p o ly sacch arid es
b e long ing  to  th e  f i r s t  group, i s  found to  be f a i r l y  co n stan t (1 5 -2 0 ^
and g a lac to se  and a rab in o se  a re  th e  m ajor sugars in  most sam ples.
The m a jo rity  o f th e  p o ly sacch arid es  co n ta in  a p p re c ia b le  amounts o f  x y lo se ,
and t r a c e s  o f rhamnose have been found. In  s p i te  o f th e  number o f
d i f f e r e n t  sugars p re sen t a l l  a ttem p ts  to  f r a c t io n a te  th e  p o ly sacch arid es
in to  hom opolysaccharides have been u n su cc e ss fu l.
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Cladophora . r u p e s t r i s ^ ^ was th e  f i r s t  a lg a  in  th i s  group to  he 
s tu d ie d  in  d e t a i l .  These s tu d ie s  e s ta b lis h e d  th e  major lin k a g e s , 
g a la c to se  lin k e d  th rough  C-1 and C-3, as w ell as th rough  C-1 and C-6, 
a rab in o se  lin k e d  through C-1 and 0-4 , xy lose  lin k e d  th rough 0-1 and 0-4 
as w ell as lin k e d  through 0-1 (end g ro u p )• L a te r  s tu d ie s  confirm ed 
th e se  f in d in g s  and showed th a t  some o f th e  a rab in o se  u n i ts  a re  su lp h ated  
a t  0-3 and some o f th e  g a la c to se  re s id u e s  a re  su lp h a ted  a t  0 -6 .^^  
A utohydro lysis  o f th i s  w ater so lu b le  su lp h a ted  p o ly sacch arid e  y ie ld e d  a 
number o f h e te ro -p lig o sa c c h a r id e s  co n ta in in g  g a la c to se  and x y lo se , 
a rab in o se  and g a la c to se  and a  la rg e  q u a n ti ty  o f a  su lp h a ted  o lig o ­
sacch arid e  w ith  a  h igh  p ro p o rtio n  o f a rab in o se  to  g a la c to se  ( 4 : l ) .^ ^
These r e s u l t s  proved not on ly  th e  heteropo lym eric  n a tu re  o f th e  m ucilage but 
a lso  th e  wide d iv e r s i ty  o f th e  s t r u c tu r a l  u n i ts  p re s e n t .  From th e se  
and r e la te d  s tu d ie s  i t  was p o s s ib le  to  deduce th a t  th e  p o ly sacch arid e  
co n ta in s  b locks o f a t  le a s t  e ig h t (1—>"4)- l in k e d  a rab in o se  u n i t s ,  some 
su lp h a ted  a t  0-3 and lin k e d  to g e th e r  by s in g le  g a lac to se  u n i t s .
S tu d ies  on th e  w ater s o lu b le , s ta rc h  f r e e  p o ly sacch arid es  from 
two Ohae tomorpha sp eo ies^^  in d ic a te  ve ry  s im ila r  s t ru c tu re s  to  th a t  
found in  C ladophora, th e  m ajor d if fe re n c e  be in g  a h ig h e r g a lac to se  
con ten t in  th e  l a t t e r .
The p o ly sacch arid e  from Oodium f r a g i l e ^ ^ co n ta in s  g a lac to se  and 
a ra b in o se  as th e  major sugars but i t  appears to  d i f f e r  from th e  above 
m entioned p o ly sacch arid es  on th e  s i t i n g  o f th e  su lp h a te  g roups. Wo 
a rab in o se  su lp h a te  was found in  th e  Oodium p o ly sacch arid e  though g a lac to se-6" 
su lp h a te  and g a la c to se -4 -su lp h a te  were bo th  is o la te d  to g e th e r  w ith  a 
( l - ^ - 3)- l in k e d  g a la c to se  dimer and a  (l-H^*3)- l in k e d  a rab in o se  d im er.
z 7
The w ater so lu b le  p o ly sacch arid es  o b ta in ed  from sp ec ie s  m entioned
in  th e  second group co n ta in  th e  same sugais and have many s im ila r
p r o p e r t ie s .  The p o ly sacch arid es  were found to  be heteropolym ers
w ith  L-rhamnose and D -xylose as th e  major sugars and sm a lle r q u a n t i t ie s
o f D -g lucose. The u ro n ic  a c id  con ten t was found to  be around 20fo
w hile th e  su lp h a te  con ten t v a r ie d , about 17^ in  U lva^  ^ and Ent eromorpha
52and dfo in  A crosiphon ia .
P a r t i a l  a c id  h y d ro ly sa te s  from a l l  th re e  p o ly sacch arid es  gave a
r e l a t i v e l y  h igh  p ro p o r tio n  o f an a ld o b io u ro n ic  a c id , J ^ ’^ g l u c o -
^yycLh ttrcmagk-L—rhamnos e .
The p o ly sacch arid e  : from Ulva la c tu c a  has been most e x te n s iv e ly
s tu d ie d . M éthy lation  s tu d ie s  o f th e  desu lpha ted  and carboxyl reduced
polymer has in d ic a te d  rhamnose lin k e d  through C-1 and C-4, as w ell as
th rough C-1, C-3 and C-4, xy lose  lin k e d  through C-1 and C-4 as w ell as
th rough C-1 and C-3. T en ta tiv e  evidence f o r  ( l—► 3)- l in k e d  and
( 1—^ 4) - l in k e d  g lucose was a lso  o b ta in e d .
I t  has been deduced from a lk a l in e  d e su lp h a tio n  and p e rio d a te
o x id a tio n  experim ents th a t  th e  p o s i t io n  o f su lp h a te  e s te r  i s  m ainly a t
57 ,C-2 o f rhamnose and to  a  le s s e r  ex ten t a t  C-2 o f  x y lo se .
An a c id ic  o lig o sa cc h a rid e  was i s o la te d  in  h igh  y ie ld  a f t e r  Smith 
d eg rad a tio n  and from t h i s  i t  was deduced th a t  th e  fo llo w in g  s t ru c tu re
56re p re se n ts  a  re p e a tin g -u n it  in  th e  p o ly sac c h a rid e .
D-Gl cAP( 1—^ 4) L-Rhap ( 1—^ 4 ) B-Glc Ap ( 1-#> 3) D-Xylp ( 1 - ^  4) L-Rhap ( 1—► 3)
■  I "  " I  ' I
28 28 28
D-Glucp( 1—#"4)D-Xylp where D-GlcAp = D -glucopyranuornic a c id .
gg L-Rhap = L-rhamnopyranose.
D-Xylp = D-xylopyranos e .
D-Glucp = D -glucopyranose. ^
8 = su lp h a te  e s te r  8 — 0 -
^0
28
A lthough th e  in v e s t ig a tio n s  on th e  m ucilage from Ulva la c tu c a  have
advanced much f u r th e r  th an  th o se  on th e  p o ly sacch arid es  from th e
o th e r  two sp ec ie s  i t  i s  b e lie v ed  th a t  th e y  have a s im ila r  s t r u c tu r e .
The p o ly sacch arid e  from th e  u n ic e l lu la r  a lg a  A ce tab u la ria  
à.2c re n u la ta  was found to  belong  to  n e i th e r  o f th e  groups so f a r  d iscu ssed  
as th e  main sugar in  t h i s  polymer was found to  be g a la c to se  w ith  le s s e r  
amounts o f g lu cu ro n ic  a c id  and rhamnose, and s t i l l  sm alle r amounts o f 
xy lose  and 4 -^ -m e th y l-g a lac to se  p re s e n t .  This a lg a  a lso  seems to  
m etab o lise  a fam ily  o f r e la te d  p o ly sacch arid es  a l l  b u i l t  on a  s im ila r  
p la n . The main fe a tu re s  o f th e se  polymers were found to  be ( I—»- 3 ) -  
l in k e d  g a la c to se  u n i ts  su lp h a ted  m ainly on C-4 and to  a  le s s e r  ex ten t 
on C-6, rhamnose i s  m ainly p re sen t as end groups and ( 1—^ 2 ) - l in k e d  
o r C -2-su lpha ted  u n i t s ,  w hile  x y lo se , g lu cu ro n ic  a c id  and g a lac to se  a l l  
were found to  be p re sen t as end groups. The branch p o in ts  were found 
to  c o n s is t o f g a lac to se  and rhamnose u n i t s .  Due to  th e  evidence fo r  a 
r e l a t i v e  h igh  p ro p o rtio n  o f end groups, th e  p o ly sacch arid e  i s  thought 
to  be h ig h ly  branched w ith  very  sh o rt b ranches.
1 .7 .3 . '  S tru c tu ra l  P o ly sa cc h a rid e s '
The main o rgan ic  substances in  c e l l  w a lls  a re  p o ly sacch arid es
c Q
but i t  has been proved th a t  p ro te in s  and l ip id s  a re  a lso  p re s e n t .
The carbohydrate  p a r t  o f th e  c e l l  w all in  a lg ae  has norm ally  a  le s s
com plicated  s t r u c tu r e  th an  th e  so lu b le  p o ly sac c h a rid e s . They can be
d iv id ed  in to  th re e  groups, acco rd in g  to  t h e i r  c o n s ti tu e n t su g a rs ,
e .g .  g lucan  (c e llu lo s e ) , xy lan  and mannan.
59G lucan; X -ray d i f f r a c t io n  s tu d ie s   ^ have suggested  th a t  c e l lu lo s e  is  
p re sen t in  v a rio u s  fa m ilie s  o f th e  Chlorophyceae but due to  d i f f i c u l t i e s  
in  i s o la t in g  th e  pure c e l lu lo s e  no s t r u c tu r a l  s tu d ie s  have been c a r r ie d  out
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X ylan; The xy lans c o n s t i tu te  th e  main s k e le ta l  p o ly sacch arid e  of 
a  numher o f green  a lg a e . M éth y la tio n , p e rio d a te  o x id a tio n  and 
enzym atic s tu d ie s  showed th e se  xylans to  he composed o f  —► 3)-
lin k e d  D -xylose u n i t s . T h e s e  lin k ag es  r e s u l t  in  an open w ire 
' sp r in g  l ik e  h e l i c a l  s t r u c tu r e .  The s tro n g  f ib ro u s  s t ru c tu re  re q u ire d  
by a s k e le ta l  p o ly sacch arid e  i s  achieved  by th re e  chains form ing a 
t r i p l e  h e l ix .
Mannan; Mannans ■ have been shown to  be p re sen t in  th e  c e l l  w all o f
c e r ta in  green  a l g a e . T h e  mannans from Oodium f r a g i l e ^^ and
42A ce ta b u la ria  c re n u la ta  have been e x te n s iv e ly  s tu d ie d  and found to  be 
y Q - ( l—#>"4)- l in k e d  mannans w ith  in d ic a t io n  o f  some degree o f b ranch ing  
a t  0—2.
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CHAPTER 2 G EM H /L METHODS
2 . 1 .  P h y sica l te ch n iq u es :
( i)  E vaporations were c a r r ie d  out under reduced p re ssu re  between 
30 and 40°C w ith  a  ’Buchi* r o ta r y  e v ap o ra to r.
( i i )  W ater. D eion ised , d i s t i l l e d  w ater was used in  a l l  experim ents 
u n less  s ta te d  o th e rw ise .
( i i i )  M elting  p o in ts  were determ ined on a  Gallenkamp m icrom elting  
p o in t a p p a ra tu s .
(iv ) D ia ly s is  was perform ed w ith  V isk ing  Cellophane tu b in g  a g a in s t 
d i s t i l l e d  w ater w ith  to lu en e  added as a b a c t e r i o s t a t . The tu b in g  was . 
i n i t i a l l y  ren dered  f r e e  o f g ly c e ro l by b o i l in g  w ith  w a te r .
(v) S p e c if ic  r o ta t io n s  were measured in  a  1 dm p o la rim e te r  tube  
u s in g  a Perkin-E lm er I 4 I p o la r im e te r . A ll measurements were made in  
aqueous s o lu tio n  u s in g  th e  sodium D -lin e .
(v i) U nless o therw ise  s ta te d  a l l  r e s in s  used were e i th e r  A m berlite  
o r B io d e m in ro lit.
( v i i )  L y o p h ilisa tio n  (P reeze-d ry ing ) was c a r r ie d  out on a *Chem Lab* 
f r e e z e - d r ie r .  Samples were f i r s t  fro ze n  in  a c a rd ice -a c e to n e  m ixture 
b e fo re  be in g  p laced  on th e  f r e e z e - d r ie r .
( v i i i )  A ll s o lu tio n s  and h y d ro ly sa te s  were f i l t e r e d  t h r o u ^  m ill ip o re  
f i l t e r s  (O.45/ I )  b e fo re  q u a n t i ta t iv e  d e te rm in a tio n s .
(ix ) U ltr a v io le t  and v i s ib le  absorbances were measured u s in g  a 
*Pye Unicam* SP5OO sp ec tropho tom eter.
(x) M olecular S ieves 3A and 4A m olecu lar s iev e s  (BDH) were a c t iv a te d  
by h e a tin g  a t  400° fo r  4 h .
(x i) Cotton wool bungs fo r  s to p p e rin g  o f c u ltu re  f la s k s  were 
au to c lav ed  a t  30 p . s . i .
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2 . 2 .  P u r i f ic a t io n  o f Common S o lven ts and Reagents
( i)  Dimethyl su lphoxide was d i s t i l l e d  from calcium hydride under 
reduced p re s su re  so th a t  th e  b o i l in g  p o in t was about 80°. I t  was 
s to re d  over a c t iv a te d  4A m olecu lar s ie v e .
( i i )  Chloroform was d i s t i l l e d  from anhydrous sodium s u lp h a te  and 
s to r e d ,  r e f r i g e r a t e d ,  i n  brown g la s s  b o t t l e s  over anhydrous sodium 
s u lp h a t e .
67( i i i )  M ethanol (*Superdry*) was p repared  as d e sc rib ed  by Vogel, 
d i s t i l l e d  w ith  th e  ex c lu s io n  o f m o is tu re , and s to re d  over a c t iv a te d  3A 
m olecu lar s ie v e .
(iv ) M ethyl io d id e  was d i s t i l l e d  from s i lv e r  oxide and s to re d  in  th e  
dark over s i l v e r  ox ide , a c t iv a te d  by h e a tin g  to  110° fo r  4b.
(v) P y rid in e  was d i s t i l l e d  from sodium hydroxide p e l l e t s  and s to re d  
over sodium hydroxide o r potassium  hydroxide p e l l e t s  (BDH A nalar) •
2 . 3 .  Acid H ydrolysis
2 . 3 . 1 #  Formic a c id  method
The sample was d is so lv e d  in  90^ form ic a c id  and s o l id  carbon 
d iox ide  was added to  ensure an in e r t  a tm osphere. The tu b e  was sea le d  
and h ea ted  f o r  6 h a t  100°C. The h y d ro ly sa te  was d i lu te d  w ith  w ater 
(5 v o l.)  and h ea ted  a t  100°C fo r  a  fu r th e r  2 h , in  o rd e r to  hydro lyse  
th e  form yl e s t e r s .  The s o lu t io n  was evaporated  to  dryness a t  reduced 
p re s su re  and re s id u a l  form ic a c id  removed by c o - d i s t i l l a t im w i th  methanol,
2 . 3 . 2  S u lphu ric  a c id  method (Molar)
The sample was d is so lv e d  in  M -sulphuric  a c id , and h ea ted  in  a
se a le d  tube  f o r  4 h in  b o i l in g  w ater b a th . T he ,hyd ro lysa te  was th e n
n e u tr a l is e d  e i th e r  by adding s o l id  barium  carbonate  o r by shak ing  w ith  5^
68H -^nethyldioctylam ine in  ch loroform .
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n e u t r a l i s a t io n  w ith  barium carbonate  was c a r r ie d  out as fo llo w s .
The h y d ro ly sa te  was coo led , and excess barium  carbonate  was added to  i t ;  
th e  in so lu b le  barium  s a l t s  were th e n  removed by c e n tr i fu g a t io n .  The 
su p e rn a tan t was d e io n ised  by shaking  w ith  IR 120 (H*  ^ r e s in  fo llow ed by 
f i l t r a t i o n  and c o n c e n tra tio n  a t  reduced p re s su re .
n e u t r a l i s a t io n  w ith  n -m ethyld iocty lam ine was as fo llo w s . The 
h y d ro ly sa te  was t r a n s f e r r e d  to  a  s e p a ra to ry  funnel and equal volume o f 
5^ n -d ioc ty lam ine  in  chloroform  was added to  i t .  A fte r  v igorous shaking  
fo r  a few m inutes i t  was allow ed to  s e t t l e ,  and th e  o rgan ic  la y e r  was 
d isc a rd e d . This o p e ra tio n  was re p e a te d . The aqueous la y e r  was th en  
ag a in  shaken w ith  chloroform  and th e  chloroform  la y e r  d isc a rd e d . The 
aqueous la y e r  was evaporated  to  dryness under reduced p re s su re .
2 3 3 72^ S u lphu ric  a c id .^^
Cold 72^ su lp h u ric  a c id  was added to  th e  sample and th e  m ixture 
l e f t  a t  room tem peratu re  f o r  1 h . Water (lO volumes) was added w ith  
co o lin g  and th e  s o lu t io n  h ea ted  a t  100°C fo r  4 h .  A fte r  co o lin g  th e  
a c id  was n e u tr a l is e d  w ith  barium  carb o n a te .
2 . 3 . 4 .  T r if lu o ro a c e tic  a c id  method
The sample was d is so lv e d  in  2 M -tr if lu o ro a c e tic  a c id  and th e  
s e a le d  tube  was h ea ted  a t  120°C in  an oven fo r  2 h . The h y d ro ly sa te  
was th e n  coo led , d i lu te d  w ith  w ater and evaporated  under reduced 
p re s su re ; d i lu t io n  w ith  w ater and th e  subsequent ev ap o ra tio n  was continued  
u n t i l  th e  h y d ro ly sa te  was n e u t r a l .
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9 , 4 - Chromatography
2 ,  4,-1 . Pa-per chromatography
Paper chrom atography was c a r r ie d  out by th e  descending techn ique  
u s in g  Whatman Wo.1 paper fo r  g en era l q u a l i ta t iv e  work and Ho.3 and Ho. 17 
papers f o r  p re p a ra t iv e  work (medium and la rg e  s c a le , re sp e c tiv e ly )  .
The maximum load in g s  fo r  th e  two paper types were 100 mg p e r s tan d a rd  
sh ee t fo r  Ho.3 papers and 1000 mg p e r s tan d a rd  sh ee t fo r  Ho. 17 p ap ers .
H o.17 papers were f i t t e d  w ith  a wick o f Ho.3 pap er, and a l l  p re p a ra tiv e  
papers were washed b e fo re  use w ith  d i s t i l l e d  w a te r .
The method fo r  th e  lo c a t io n  o f compounds on p re p a ra t iv e  papers 
was as fo llo w s .
A fte r  develop ing  th e  papers in  th e  chosen so lv en t system , th re e  
o n e -cen tim ete r s t r i p s  were cut from th e  a i r  d r ie d  paper and th e se  were 
sprayed w ith , o r dipped in , th e  a p p ro p ria te  s ta in in g  re a g e n t. The 
p o s i t io n  o f th e  bands in  th e se  s t r i p s  was th e n  used to  lo c a te  th e  
m a te r ia l in  th e  body o f th e  p ap er.
The s t r i p s  c o n ta in in g  th e  se p a ra te d  m a te r ia l were cut from th e  
chromatogram, s ta p le d  to  paper w icks, and th e  compound was e lu te d  from 
th e  paper w ith  w a te r .
The so lv en t system s used fo r  paper chromatography were as fo llo w s .
(a) E th y la c e ta te ;  a c e t ic  a c id ; form ic a c id : w ater ( l8 :3 :1 :4 )
70by volume.
(b) n —b u ta n o l: p y r id in e : w ater (6 :4 :3 ) by volume.
(c) Û.-b u ta n o l: e th an o l: w ater (40:11:19) by volume.
(d) 2-butanone: a c e t ic  a c id : w ater ( 9 :1 : l) by volume s a tu ra te d  
w ith  b o r ic  a c id .
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,  ^  ^ 134,135
2 . 4 . 2  P&Per e le c tro p h o re s is
The Shandon h igh  v o ltag e  e le c tro p h o re s is  ap p ara tu s  L.24 was ... 
used w ith  Whatman Ho.3 mm paper and th e  fo llo w in g  e le c t r o ly te s .
(a) Bo r a t  e'^^
0.2M-sodium b o ra te  in  w ater a d ju s te d  to  pH 10 w ith  
sodium hydrox ide . E le c tro p h o re s is  was c a r r ie d  out fo r  2 h a t  2 .5  kV and 
40 mamp. The non-m igrating  re fe re n c e  compound was 2 ,3 ,4 ,6 - te tra -O -  
m ethy l-D -g lucose .
75(b) P y r id in e /A c e tic  a c id
P y rid in e  ( 1 - l i t r e )  a d ju s te d  to  pH 6 .8  w ith  5^ a c e t ic  a c id  
in  w a te r . The e le c tro p h o re s is  was c a r r ie d  out fo r  2 h a t  3 .0  kV.
Glucose was th e  non-m igrating  m arker.
76(c) B orate w ith  calcium  io n s .
O.OIM-sodium te t r a b o r a te  (borax) in  w ater c o n ta in in g
0.005M calcium  c h lo rid e  (pH 9 *2). E lec tro p h o re s is  was c a r r ie d  out fo r  
2 .0  h a t  2 kV.
2 . 4 . 3 .  TGFP (T rim e th y ls ily la te d  g la ss  f ib r e  paper) e le c tro p h o re s is
(a) P re p a ra tio n  o f T r im e th y ls i ly la te d  g la ss  f ib r e  paper (TGPP) 
G lass f ib r e  paper (Whatman GP/c) was cut in to  s t r i p s  and h ea ted  a t  400°C 
fo r  2 h to  burn  out o rgan ic  m a te r ia l ,  th en  immersed f o r  18 h in  a 
shallow  d ish  o f CCl^ c o n ta in in g  2^ d im e th y ld ic h lo ro s ila n e , r in se d  in  
to lu e n e  and d r ie d .  The TGPP s t r i p s  were w etted  by f lo a t in g  fo r  18 h 
in  t r a y s  co n ta in in g  a c e ta te  b u ffe r  (pH 5) made o f O.IM-sodium a c e ta te  
c o n ta in in g  0.02M-EDTA to  which Tween-20 (0 .2 ^  by volume) had been added.
(b) A n a ly tic a l e le c tro p h o re s is
TGPP s t r i p s  were b lo t te d  on ly  l i g h t ly  b e fo re  be ing  
su b je c te d  to  e le c tro p h o re s is .  Before a p p lic a t io n  o f th e  sample i t  was 
found advantageous to  p re -e q u i l ib ra te  f o r  20 m inutes a t  th e  runn ing  vo ltag e ,
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The sam ple, u s u a lly  1-5>^| in  ca . 2 / t l  o f b u f f e r ,  was a p p lie d  a t  o r near 
th e  m idpoint o f th e  s t r i p .  S ep a ra tio n  c o n d itio n s  were, p o te n t ia l  
1000 to  1200 v o l t ,  cu rre n t 40-45 mamp, runn ing  tim e 20 to  
40 m inu tes .
(c) Location and quantitation
When th e  s e p a ra tio n  was com plete th e  s t r i p s  were d r ie d
7ftin  a i r  and th e  p o ly sacch arid es  were lo c a te d  e i th e r  by ( i)  d ipp ing  
f i r s t  in  a s a tu ra te d  to lu id ine b lu e  s o lu tio n  in  e thano l fo r  5 m inutes, 
th e n  in  40^  aqueous e th an o l fo r  a  f u r th e r  5 m inutes and f i n a l l y  washing
in  e th a n o l. Spots appear in  p a le  b lu e  background. Or ( i i )  by p la c in g
79 ,th e  s t r i p s  f o r  15 m inutes in  th e  f ix in g  s o lu t io n  made o f 20 ml 35%
form aldehyde in  80 ml e th a n o l. A fte r  d ry ing  th e  s t r i p s  were sprayed
w ith  a  sp ray  s o lu tio n  made o f O.O4 g tolW dine b lu e  in  80 ml acetone and
20 ml w a te r . The excess dye was f i r s t  r in s e d  w ith  a  d ip  s o lu tio n
(5% a c e t ic  a c id  so lu tio n )  and f i n a l l y  w ith  w a te r .
2.5* Staining reagents
The fo llo w in g  s ta in in g  reag en ts  were employed fo r  th e  lo c a tio n  
and id e n t i f i c a t io n  o f compounds on paper chromatograms and e le c t r o -  
pherograras,
802 .5 . 1  Silver nitrate dip
The developed paper was passed  s e q u e n tia l ly  th rough  s o lu tio n s  
o f  s a tu ra te d  aqueous s i l v e r  n i t r a t e  (2 .5  ml) in  w ater (IO ml) w ith  
acetone  (5OO ml) ; sodium hydroxide (20 g) in  w ater (40 ml) and 
e th an o l (96O ml) ; and f i n a l l y  in  10% aqueous sodium th io s u lp h a te  
A ir d ry in g  o f th e  papers was allow ed between d ip s .
812 . 5 .2  (a) Aniline oxalate spray
A s a tu ra te d  s o lu tio n  was p repared  by adding  a n i l in e  o x a la te
(25 g) in  50% aqueous e thano l ( l  L) and s t i r r i n g  co n tin u o u sly  a t  room 
tem p era tu re  f o r  I 6 h .
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82(b) A n ilin e  o x a la te  sp ray
A s a tu ra te d  s o lu tio n  o f a n i l in e  o x a la te  (25 g) in  
g la c ia l  a c e t ic  a c id  (1 L )• The m ixture was s t i r r e d  overn igh t to  o b ta in  
maximum d is s o lu t io n .
2 . 5 , 3  Glucose oxidase
*G lucostat* k i t  (W orthington Biochem ical Company) was made 
up as d ir e c te d .  A p ink  co lo u r in d ic a t in g  D -glucose develops a f t e r  
5 m inutes a t  room tem p era tu re .
O *5
2. 5.^ 4 Galactose Oxidase
*G alactostat*  k i t  (W orthington B ochem ical Company) was made 
up as d ir e c te d .  A p ink  co lo u r in d ic a t in g  th e  p resence  o f D -galactose
develops a f t e r  5 m inutes a t  room tem p era tu re .
5-19
2.5. ^Periodate Permanganate spray
The sp ray  reag en t was p repared  f r e s h ly  b e fo re  use by mixing 
4 p a r ts  o f 2% aqueous sodium -m etaperiodate and one p a r t  o f 1% potassium  
permanganate in  2^ aqueous sodium carbonate  s o lu t io n .  This sp ray  was 
used to  lo c a te  th e  non-reducing  su g a rs . I f  th e  paper was washed w ith  
w a ter a f t e r  th e  sp o ts  have f in is h e d  ap p earing  and b e fo re  th e  c e l l u l o s e  
has d isco lo u red  th e  permanganate background, a  permanent reco rd  o f th e  
chromatogram i s  o b ta in ed  in  th e  form o f  brown sp o ts  on an alm ost w hite  
background.
Q C
2 .5*6 Urea hyd ro ch lo rid e
Urea (10 g) in  e thano l (200 ml) and co n cen tra ted  h y d ro ch lo ric  
a c id  (8 ml) in  w ater (32 m l). A b lu e  co lou r s p e c i f ic  fo r  k e to ses  
develops a f t e r  5 m inutes a t  100°C.
2 . 5 . 7  ]^il:hydrin
A f r e s h ly  made s o lu tio n  o f  n in h y d rin  (2 g) in  e thano l (lOO m l). 
A b lu e  co lo u r s p e c i f ic  fo r  amino a c id s  developed a f t e r  5 m inutes a t  70°C.
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2 . 6 .  Gas l ic ru id  chrom atography ( g . l . c . )
2 .6 .1  I n s t r u m e n ta t io n
A Pye 104 gas chromatograph w ith  n itro g e n  c a r r i e r  gas and flame 
io n is a t io n  d e te c to r  w ith  g la ss  columns (3 m x 5 mm) was u sed .
[Column ( i )  f o r  t h e  TMS d e r i v a t i v e s  o f  th e  a l d i t o l s ,  column ( i i )  f o r  
th e  a l d i t o l  a c e t a t e s  and m e th y la te d  a l d i t o l  a c e t a t e s ] .
2 . 6 . 2  The columns were packed w ith  t h e  fo l lo w in g  m a t e r i a l s .
( i )  Apiezon K, 7*5% on s i l a n e  t r e a t e d  chromosorb W.
( i i )  OV 225, 3% o f  cyanopro p y l-m e th y l-p h en y l-m e th y l s i l i c o n e  c o a ted  
on 100-120 Gaschrom Q.
( i i i )  3% o f  n eo p en ty lg ly co lsu cc in a te  on Chromosorb W, 60-80 mesh.
6 4 , 6 5 ,6 6
2 . 6 . 3  Gas chrom atography l i n k e d  t o  Mass s p e c tro m e try
A Pye 104 gas chromatograph w ith  helium  c a r r i e r  gas was coupled to  
a  VG Micromass 12? mass sp ec tro m ete r w ith  a  t o t a l  io n  m onitor d e te c to r  
system . For E l s p e c tra  th e  *ion source* was o p era ted  a t  about 200°C. 
70 eV and 20yUk t a r g e t  c u rre n t under a  p re s su re  o f 10 ^ t o r r .  F or Cl 
s p e c tra  th e  *ion source*was op era ted  a t  about 150°C, 5G eV and 1000/&L A 
under a  p re s su re  o f  O.4  -  O.5 t o r r  w ith  iso b u tan e  a s  th e  r e a c ta n t  g a s .
2 . 7  Assays and A nalyses
2 . 7 , 1  C arbohydra te  co n te n t  was assayed  by th e  p h en o lsu lp h u ric  
a c id  m e t h o d . 4% Phenol s o lu t io n  ( l  ml) was added to  w ater ( l  ml) 
c o n ta in in g  10 -  100/x.g o f sugar and co n cen tra ted  su lp h u ric  a c id  (5 ml) 
added r a p id ly .  The co lou r developed was read  a t  487 nm on a  Uni cam 
SP 5GO sp ec tro p h o to m ete r. S tandard  graphs were p repared  f o r  d i f f e r e n t  
sugars  and m ix tures o f  sugars  in  th e  r a t io s  co rresponding  to  th o se  o f 
th e  p a r t i c u la r  p o ly sac c h a rid e .
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2 . 7 . 2  U ronic a c id  d e te rm in a tio n  was c a r r ie d  out by two d i f f e r e n t  
m ethods.
(a) M odified carb azo le  r e a c t io n ^^
The samples (c o n ta in in g  10- 70/ t g  o f u ro n ic  a c id  in  1 ml, 
th e  t e s t  so lu tio n )  were re a c te d  a t  55° and 100°C w ith  and w ithout b o ra te  
s o lu t io n s .
1. R eaction  w ithout b o ra te  (a t 55° and a t  100°)
The t e s t  s o lu tio n  ( l  ml) was cooled in  i c e .  C oncentrated  su lp h u ric  
a c id  (6 ml) was added and th e  s o lu tio n  re c o o led . A fte r  m ixing th e  
sample was h ea ted  fo r  20 m inutes a t  th e  a p p ro p r ia te  tem pera tu re  and 
ag a in  cooled in  i c e .  A fte r  a d d itio n  o f th e  carb azo le  s o lu t io n  (200/Ul 
0.1% s o lu tio n  in  e thano l) th e  s o lu tio n s  were s e p a ra te ly  mixed and allow ed 
to  s tan d  fo r  3 h fo r  co lou r developm ent.
2 . R eaction  w ith  b o ra te  a t  100°C
A O .IM -boric a c id  s o lu t io n  in  co n cen tra ted  su lp h u ric  a c id  (6 ml) 
was cooled in  ic e  and th e r e a f t e r  th e  t e s t  s o lu t io n  (0 .7  ml) was lay e red  
on to p . A fte r  m ixing and re -c o o lin g  th e  s o lu t io n  was h eated  a t  100°C 
f o r  15 m inutes and th e n  cooled in  i c e .  T h e re a fte r  th e  carbazo le  reagen t 
(200y**"l) was added. The s o lu tio n  was mixed and h eated  f o r  an o th er 
10 m inutes and coo led .
3 . R eaction  w ith  b o ra te  a t  55°C
The same procedure as above was used except h e a tin g  b e fo re  th e  
a d d it io n  o f th e  carbazo le  reag en t was om itted  and a fte rw ard s  th e  s o lu tio n  
was h ea ted  fo r  30 m inutes a t  55°C. The co lours  which developed were 
read  a t  530 nm on a  Unicam SP 500 .S tandard  graphs f o r  d i f f e r e n t  a c id s  
under each o f th e  co n d itio n s  were p rep a red .
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(b) The metahydroxy d ip h en y l method^^
To a sample s o lu tio n  (0 .6  ml) c o n ta in in g  from 1.5 to  6 0 /tg  
u ro n ic  a c id , a  0.0125M s o lu tio n  o f sodium te tr a b o ra te  in  co n cen tra ted  
su lp h u ric  a c id  (3 .6  ml) was added. The s o lu tio n s  were cooled in  ic e  
and th e n  mixed and h ea ted  a t  100° f o r  5 m inu tes. A fte r  co o lin g  in  ic e  
m-hydroxydiphenyl s o lu t io n  (50 ^ 1 ,  0.15% s o lu tio n  in  0.5% sodium hydroxide) 
was added. The s o lu tio n s  were shaken and th e  absorbance measured a t  
520 nm. on a Unicam SP 500. S tandard  graphs were p repared  f o r  th e  
d i f f e r e n t  a c id s .
2 . 7 . 3  S u lp h a te  e s t im a t io n
The p o ly sacch arid e  (IO mg) was d ig e s te d  in  a  se a le d  tu b e  w ith  
A nalar n i t r i c  a c id  ( l  ml p lu s  a few mg o f sodium ch lo rid e ) f o r  12 h a t  
100°C. A fte r  ev ap o ra tio n  to  dryness th e  r e s id u a l  s o l id  was t r e a te d  
w ith  co n cen tra ted  h y d ro ch lo ric  a c id  ( l  ml) and evaporated  to  dryness a g a in . 
The s o l id  was t r e a te d  w ith  w ater ( l  ml) and evaporated  to  d ry n ess, th e  
tube  was th e n  p laced  in  an oven a t  110°C fo r  2 h . The sample was th en  
read y  fo r  su lp h a te  d e te rm in a tio n , and th e  fo llo w in g  m o d if ica tio n  o f th e
O
Jones and Letham method was u sed .
To th e  su lp h a te  s o lu tio n s  ( l  ml) co n ta in in g  30 -  100/Lg o f su lp h a te  
in  m ic ro cen trifu g e  tu b es  th e  reagen t 4—C hloro-4* —am inodiphenyl ( l  ml o f
0 . 19% in  0 . 1M -hydrochloric acid ) and a  t r a c e  o f  s o l id  h e x a d e c y ltr im e th y l-  
ammonium bromide were added. A fte r  m ixing, th e  s o lu t io n s , in c lu d in g  
a b lan k , were kep t fo r  2 h and th e n  c e n tr ifu g e d . A liquo ts  (0 .2  ml) o f th e  
su p e rn a tan ts  were removed and d i lu te d  to  25 ml w ith  0 . 1M -hydrochloric a c id .  
The o p t ic a l  d e n s i t ie s  were read  a t  254 nm on a Unicam SP 5OO. From a 
s tan d a rd  graph th e  d if fe re n c e s  over th e  b lank  re a d in g  gave th e  su lp h a te  
c o n te n t .
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2 ,7.-4 and P ro te in  con ten t
N itrogen  con ten t was measured by A. B ernhardt (W. Germany)
88and th e  p ro te in  con ten t c a lc u la te d  by m u ltip ly in g  by 6 . 25•
2 . 7 .  S T h io b a rb itu r ic  a c id  t e s t  (TBA)
99The TBA t e s t  fo r  th e  presence  o f 4,5-'UJ^£i'turated a c id  was
100used w ith  th e  fo llo w in g  m o d if ic a tio n s . The sample in  0 .20 ml o r le s s
o f s o lu tio n  was added to  0.025M-HI0^ in  0 . 125M -sulphuric a c id  (0.25 m l). 
A fte r  20 m inutes a t  room tem p era tu re , 2^ so d iu m -arsen ite  in  0.5M -hydro- 
c h lo r ic  a c id  (0 .5  ml) was added w ith  shak ing  and th e  s o lu tio n  was 
p e rm itted  to  s tan d  fo r  2 m inu tes.
0 . 3% TBA (2 ml) (pH 2) was added and a f t e r  s t i r r i n g ,  th e  m ixture 
was h ea ted  a t  100°C fo r  10 m inu tes . When th e  m ixture had coo led , i t s  
u l t r a v io le t  spectrum  was measured on a Unicam SP 500 spectrophotom eter 
to  d e te c t any ab so rp tio n  maximum a t  548 nm.
2 . 7 . 6  Degree o f p o ly m erisa tio n
137This was determ ined acco rd in g  to  th e  Tim ell m o d if ic a tio n  o f 
th e  method o f Peat e t a l .  Three s o lu tio n s  were p repared  as fo llo w s .
1 . A b lank  c o n ta in in g  w ater (0 .5  ml) and 2^ potassium borohydride s o lu tio n
(0 .5  m l).
2 . An aqueous sugar s o lu t io n  (0 .5  ml, c o n ta in in g  60 — 80 /t^g  as 
carbohydrate) and 2% potassium  borohydride (0 ;5  m l).
3 . A 2M su lp h u ric  a c id  s o lu tio n  (0 .5  ml) co n ta in in g  th e  same amount o f 
sugar as in  s o lu t io n  (2) and 2^ potassium  borohydride s o lu t io n  (0 .5  m l) .
These m ix tures were l e f t  a t  room tem peratu re  f o r  20 h . The o p t ic a l  
d e n s ity  o f  each s o lu t io n  was th en  measured by p h en o lsu lp h u ric  a c id  method. 
The o p t ic a l  d e n s ity  o f s o lu t io n  1 was used as b lan k . The DP o f th e  
carbohydrate  m a te r ia l i s  g iven  by th e  r e la t io n s h ip :
41
D P = h l É I . -----------------  , where
(o . d) h -  (o . d) r
(Ô.d) h = o p t ic a l  d e n s ity  o f non-reduced s o lu tio n  3*
(0.D)R = o p t ic a l  d e n s ity  o f reduced s o lu t io n  2.
This eq u ation  a p p lie s  on ly  fo r  hom opolysaccharides. O therw ise, th e
O.D. may he converted  in to  th e  corresponding  weight o f sugar (read  o f f
th e  a p p ro p ria te  s tan d a rd  g ra p h ) . Then
j)P w t. o f non-reduced carbohydrate
w t, o f non-reduced carbohydrate  -  w t. o f reduced carbohydrate
2 .8 -  General R eactions and p re p a ra tio n s
2 ,8 .1  P re p a ra tio n  o f IR 120H"*" dry  form in  methanol
The r e s in  was washed w ith  w ater u n t i l  f r e e  o f c o lo u r . I t  was 
th e n  s t i r r e d  w ith  methanol f o r  18 h and th e n  f i l t e r e d .  This was rep ea ted  
th re e  tim es , th e  th i r d  tim e w ith  d ry  m ethanol. The r e s in  was th e n  s to re d  
under d ry  m ethanol.
892 . 8 . 2 ,  P re p a ra tio n  o f  dim ethyl su lp h in y l carbanion
Sodium hydride  (0 .75  s)  ( i . e .  1.5 g o f 50% coated  w ith  m ineral 
o i l )  was weighed in to  a  250 ml th ree -n eck ed  f la s k ,  and was washed w ith  
n -pen tane  ( f iv e  tim es 50 -  100 mis p o r t io n s ) , th e  l a t t e r  b e in g  decanted 
o f f  a f t e r  each w ashing. (The d ecan ta te  may co n ta in  a  sm all amount o f 
sodium hydride  and can be rendered  s a fe  by th e  slow a d d itio n  o f  e th y l 
a lco h o l) . The pentane was p re v io u s ly  d r ie d  by s to r in g  over sodium w ire 
u s u a lly  f o r  about 1 week.
A fte r  th e  f in a l  washing, th e  f la s k  was f i t t e d  w ith  a condenser and 
f in e  b le e d . The app ara tu s  was evacuated th rough  th e  b leed  w hile  th e  
sodium h y dride  was s t i r r e d  over a m agnetic s t i r r e r  (T eflon  fo llo w e r ) •
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Dry n i t r o g e n  ( th ro u g h  CaCl^ tower) was f lu s h e d  th ro u g h  th e  b le e d  in to  
th e  f l a s k  which was th e n  evacua ted  a g a in .  The p ro c e s s  was r e p e a te d  
s e v e r a l  t im es  (6-7) so as  to  p ro v id e  a  n i t r o g e n  a tm osphere .
N itro g en  was a l low ed  to  f l u s h  th ro u g h  c o n t in u o u s ly  and d ry  DMSO 
(15 ml) was added by  means o f  a  s y r in g e  to  th e  f l a s k  from th e  to p  o f  
t h e  co n d en se r .  A v ig o ro u s  r e a c t i o n  to o k  p la c e  w ith  th e  e v o lu t io n  o f  
hydrogen . ■ Hie co n te n t  o f  t h e  f l a s k  was h e a te d  i n  an  o i l  b a th  a t  55°C 
u n t i l  t h e  e v o lu t io n  o f  hydrogen  cea se d .  The ca rb a n io n  was t r a n s f e r r e d  
to  serum b o t t l e s  and s to r e d  a t  0°C under an  atm osphere  o f  n i t r o g e n .
I t s  n o rm a l i ty  (rv 2N) was de te rm in ed  by t i t r a t i o n  w ith  0 .1  M HCl.
( i i i )  E s t é r i f i c a t i o n  o f  u ro n ic  a c i d ^
The u ro n ic  a c i d  was d r i e d  i n  a  d e s i c c a t o r  over c o n c e n tra te d  s u lp h u r ic
+ ta c i d  and th e n  d i s s o lv e d  i n  d ry  m e thano l.  A sm all  amount o f  IR 120 H /  
(d ry  form) m s  added a s  c a t a l y s t .  The m ix tu re  was r e f lu x e d  f o r  I 8 h .  
t h e  r e s i n  f i l t e r e d  o f f  and th e  methanol removed by  e v a p o ra t io n .
91( iv )  R educ tion  o f  su g a r  t o  a l d i t o l .
The sample (25 mg) was d i s s o lv e d  i n  w a te r  (3 ml) o r  w a te r /  
m ethanol (1 :1  v /v ) , and a  sm all  s p a tu l a  t i p  o f  sodium b o ro h y d r id e  was 
added t o  g iv e  ap p ro x im a te ly  a  2% b o ro h y d r id e  s o l u t i o n .  I t  was l e f t  
s t a n d in g  f o r  about 6 'h .  I f  t h e  s o l u t i o n  was not s t i l l  a l k a l i n e  a f t e r  
t h i s  t im e ,  more sodium bo ro h y d r id e  was added .and  t h e  m ix tu re  l e f t  f o r  a  
f u r t h e r  6 h ,  and th e n  n e u t r a l i s e d  w ith  IR 120 r e s i n .  A f te r  f i l t r a t i o n  
t h e  f i l t r a t e  was c o - d i s t i l l e d  w ith  methanol t o  remove b o r i c  a c id  and 
f i n a l l y  e v ap o ra ted  to  d ry n e s s .  Complete r e d u c t io n  was checked w ith  ■ ' 
P e h l i n g ’ s s o l u t i o n .
92(v) T rim ethy l  s i l y l  d e r i v a t i v e s . ^
The m a te r i a l  (10 -  15 mg), d r i e d  by  c o - d i s t i l l a t i o n  w ith  
methanol and d ry  benzene, was d is s o lv e d  i n  d ry  p y r id in e  (1 ml) and 
t r i m e t h y l c h i o r o s i l a n e  (O.I ml) added fo llo w ed  by hexam ethyl d i s i l a z a n e
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(0 ,1  m l) . A fte r  shaking  fo r  5 m inutes th e  p r e c ip i ta te  o f 
c h lo rid e  was removed by c e n tr i fu g a t io n  and th e  sample evaporated  to  
d ry n ess . The re s id u e  was d is so lv e d  in  d ry  hexane and analysed  on 
g . l . c .  [column ( l ) ] .
9 n ^ A ld ito l a c e ta t e s .
Samples o f  sugar a ld i t o l s  o r  o f p a r t i a l l y  m ethy lated  a l d i t o l s ,  
d r ie d  in  a d e s ic c a to r , were d is so lv e d  in  p y rid in e  : a c e t ic  anhydride 
( l :1  v/v) m ixture and h ea ted  fo r  30 m inutes a t  100°C. A sm all amount 
o f to lu en e  was added (to  ease th e  evaporation) and th e  sample was 
evaporated  to  dryness under reduced p re ssu re  a t  40°C. The re s id u e  was 
d is so lv e d  in  chloroform  and analysed  by g . l . c .  and g . l . c . - m .s .
[column ( l l ) ] .
2 . 8 . 7  (a) M éthy lation  by Hakomori method
M éthy lation  procedure
The Hakomori method^^ (m odified by B jorndal and Lindbergh^) 
was u sed . The d ry  p o ly sacch arid e  (5-20 mg) was d is so lv e d  or sw elled  in  
d ry  BMSO (2 ml) in  a  serum b o t t l e  under n itro g e n  atm osphere.
D im ethylsu lphinyl carbanion  ( l  ml) was in je c te d  in to  th e  b o t t l e  and 
th e n  a g i ta te d  in  an u l t r a s o n ic  b a th  fo r  1 h . (o r shaken on a m echanical 
shaker fo r  8 h ) . The s o lu tio n  was th en  kept a t  room tem peratu re  f o r  6 h .
Methyl ..iodide (O .l ml) ( s to re d  in  th e  dark  over s i l v e r  oxide) was 
added dropw ise w ith  co o lin g  by ta p  w ater and a g i ta te d  in  th e  u l t r a s o n ic  
ba th  f o r  20 m inutes (6 h in  sh a k e r) .
A f u r th e r  1 ml o f carban ion  was added and ag a in  a g i ta te d  in  th e  
u l t r a s o n ic  b a th  f o r  1 h o r fo r  6 h on a  sh ak e r. The s o lu t io n  was kept
a t  room tem p eratu re  f o r  6 h . Methyl io d id e  ( l  ml) was added w ith
co o lin g  and a g i ta te d  f o r  20 m inutes (U ltra so n ic  b a th ) . A fte r  th e  f in a l
p e rio d  o f a g i ta t io n  th e  s o lu tio n  was poured in to  w ater (25 ml) and
d ia ly se d  fo r  3 days.
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The aqueous s o lu t io n  from th e  d ia ly s is  sac  was th e n  e x tra c te d  
tw ice w ith  chloroform , both  th e  aqueous and o rgan ic  f r a c t io n s  were 
evaporated  to  dryness and th e  m ethy lated  product was a c id  hydrolysed  
fo r  a n a ly s is  as th e  a l d i t o l  a c e ta te s  o f th e  m ethy la ted  su g a rs .
2 . 8 . 7  M é th y la t io n  w ith  diazom ethane
P r e p a r a t io n  o f  diazom ethane
The method fo r  th e  p re p a ra tio n  o f diazom ethane was s im ila r  
to  th a t  o f DeBoer and B a c k e r . A  s o lu t io n  o f potassium  hydroxide (3 g) 
in  w ater (5 ml) was mixed w ith  m ethy ld igo l ( l8  ml) and dichlorom ethane 
(5 ml) and h ea ted  in  an o i l  b a th  to  70 -  75°. A s o lu t io n  o f to lu e n e -p -  
su lphonylm ethy ln itrosoam ide (lO g) in  dichlorom ethane (5O ml) was added 
over, a p e rio d  o f  30 m inutes, w ith  continuous s t i r r i n g ,  e f f e c t in g  
d i s t i l l a t i o n  o f diazom ethane to g e th e r  w ith  d ich lorom ethane. The 
d i s t i l l a t e  was c o lle c te d  in  a  cooled re c e iv e r ,  and comprised 
approx im ate ly  65% diazom ethane. The deep yellow  s o lu tio n  was d r ie d  over 
sodium hydroxide p e l l e t s  and s to re d  a t  0 ° .
M éth y la t io n
In  a  ty p ic a l  experim ent a s o lu t io n  o f th e  m ixture o f 
p a r t i a l l y  a c e ty la te d  monosaccharide (O.8  g) in  a b so lu te  m ethylene c h lo rid e  
(10 ml) was t r e a te d  w ith  b o ro n tr i f lu o r id e  e th e ra te  (0 .0 4  m l). The 
s o lu t io n  was cooled to  -5°C and dia&omethane s o lu t io n  in  m ethylene c h lo rid e  
was added u n t i l  a  permanent yellow  c o lo u ra tio n  p e r s is te d .  A fte r  30 m inutes 
th e  p r e c ip i ta te  o f th e  polym ethylene was f i l t e r e d  o f f ,  th e  f i l t r a t e  was 
washed q u ic k ly  w ith  10% sodium carbonate s o lu tio n  and w ith  w a ter, i t  was 
th e n  d r ie d  over magnesium s u lp h a te . The m ethylene c h lo rid e  was evaporated  
o f f  under vacuum.
45
2 , 8 . 8  P e r io d a te  o x id a tio n
E s tim a tio n  o f th e  ex ten t o f o x id a tio n  was measured by th e
97sp ec tro p h o to m etric  method o f A sp in a ll and P e r r ie r .  The po ly sacch arid es  
(15 -  20 mg) were o x id ised  w ith  0.015 M-sodiim net a p e r io d a te  (20 ml) in  th e  
dark. A liq u o ts  ( l  ml) were withdrawn a t  in te rv a ls  and d i lu te d  to  
250 ml in  a s ta n d a rd  f l a s k .  The ab so rp tio n s  o f  th e se  s o lu tio n s  were 
read in  th e  Uni cam spec tropho tom eter, SP5OO, in  1 cm c e l l s  a t  .2 2 3  nm  
A liquots o f 0 ,015  M-sodium m etaperiodate  ( l  ml) and 6 .015 M—sodium iodate 
(1 ml) were d i lu te d  to  250 ml and t h e i r  ab so rp tio n s  read  under th e  same 
co n d itio n s . The p e r io d a te  uptake o f th e  po ly sacch arid e  was determ ined 
by comparison w ith  th e  s tan d a rd  s o lu t io n .
P re p a ra tio n  o f a DE-52 io n  exchange c e l lu lo s e  column 
The c e l lu lo s e  (200 g, D iethylam inoethyl, D .E .A .E .; grade D.E.52 
pre-sw ollen) was suspended in  0 .5 M-HGl (2 ) and d eae ra ted  w ith  m agnetic 
s t i r r i n g  under vacuum fo r  about 20 m inutes. A fte r  a llo w in g  to  s tan d  fo r  
ano ther 20 m inutes th e  su p ern a tan t was decanted and th e  c e l lu lo s e  f i l t e r e d  
on a Buchner fu n n e l and washed w ith  deion ised  w ater u n t i l  th e  f i l t r a t e  was 
n e u tra l .
The wet m a te r ia l  was th e n  t r e a te d  w ith O.5M sodium hydroxide so lu tio n  
in  the  same way as th e  a c id  suspension . These two o p e ra tio n s  were 
repeated  th re e  tim e s , and in  th e  l a s t  a lk a l i  trea tm en t in s te a d  o f 
t r a n s f e r r in g  in to  th e  Buckner funnel th e  a lk a l in e  s lu r r y  was t r a n s fe r r e d  
in to  a column ( in te r n a l  d iam eter 4*5 cm and le n g th  30 cm) . The 
m a te ria l was washed w ith  w ater u n t i l  th e  e lu a te  was n e u t r a l .
732 ,8 ^ 1 0  P re p a ra tio n  o f  BEAE-8ephadex molybdate column
DEAE-Sephadex (A-50) (l«5  s) was h eated  a t  98° fo r  1 h w ith  
th re e  changes o f  0 .01  M sodium molybdate b u ffe r  (pH 5î 250 ml each change). 
The gel was th e n  washed w ith  f r e s h ly  d i s t i l l e d  w ater and packed as a  s lu r r y
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in  w a ter in to  a column o f in te r n a l  d iam eter 2 cm and le n g th  20 cm.
This s iz e  o f  column can r e a d i ly  f r a c t io n a te  q u a n t i t ie s  o f lam inaran 
ran g in g  from 10 -  200 mg. L arger columns can he used to  f r a c t io n a te  
gram q u a n t i t i e s ,  hu t care  has to  he tak en  w ith  • in so lu b le  lam inarans to  
see  th a t  th e  t o t a l  tim e fo r  e lu t io n  o f th e  column does not exceed 5 -  6 h , 
o th e rw ise , low y ie ld s  a re  ob ta in ed  due to  p r e c ip i ta t io n .  In  a  ty p ic a l  
s e p a ra tio n , lam inaran  (lOO mg) d isso lv ed  in  w ater (5 ml) was loaded on to  
th e  column. F ra c tio n s  (5 ml) were c o lle c te d ;  th e  column was e lu te d  
w ith  w a ter (lOO ml) fo llow ed by 0 .25  M-sodiura c h lo r id e  (lOO m l).
2 .8 .1 1  P r e p a r a t io n  o f  Sepharose 4B column 
(a) P ack ing  th e  column
The Sepharose 4B was o b ta ined  a lre a d y  in  a  sw ollen  
s t a t e ,  b e fo re  packing th e  column i t  was f i r s t  d eae ra ted  by means o f a 
w ater pump u n t i l  ev o lu tio n  o f bubbles ceased . The column to  be packed 
was f i r s t  f i l l e d  w ith  e lu a n t , u n t i l  th e  dead space was taken  up, and 
th e n  th e  g e l s lu r r y  was poured down th e  edge o f th e  column u n t i l  f i l l e d  
w ith  g e l .  The column was th e n  allow ed to  flow  a t  a r a te  d ic ta te d  by 
th e  w orking p re s su re . When very  slow flow  ra te s  were re q u ire d  a 
p e r is ta l t ic  pump was used fo r  packing th e  column. E q u i l ib ra t io n  was 
c a r r ie d  out by l e t t i n g  th e  column flow  fo r  a t  le a s t  two column volume.
(b) D ete rm in a t io n  o f  th e  v o id  volume (Vo) and th e  t o t a l
volume (Vt) of th e  column packed w ith  ge l f i l t r a t i o n  m edia. 
Blue d ex tran  (2 mg/ml, Pharmacia) and g lucose (5 mg/ml) 
were d is so lv e d  in  e lu t io n  b u ffe r  and ap p lie d  to  th e  column. The column 
was e lu te d  w ith  b u f f e r  a t  th e  d e s ire d  flow  r a te ,  and f r a c t io n s  c o l le c te d .  
Glucose was determ ined by means o f  th e  phenol su lp h u ric  a c id  method.
From th e  e lu t io n  volumes (Ve) o f  th e  samples Vo and Vt could  be 
found where:
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Ve d ex tran  b lu e  = Vo ( i n t e r s t i t i a l  volume between th e  g e l g ranu les) 
Ve g lucose  = Vt (T o ta l volume o f th e  packed column) •
2 , 8 . 1 2  D esu lp h a t io n  by  a l k a l i .
The fo llo w in g  i s  a  ty p ic a l  experim ent. An a liq u o t (4 .7  g) 
o f p o ly sacch arid e  th a t  had been p re -d r ie d  a t  60° in  vacuo over phosphorus 
pen tox ide fo r  24 h was d is so lv e d  in  w ater (300 m l), and potassium  
borohydride (l.O  g) was added. A fte r  20 h a t  room tem p era tu re ,
3 M-s odium k j drox.i(^c(200 ml) was added, w ith  a  f u r th e r  q u a n ti ty  o f 
potassium  borohydride (2 .8  g) , and th e  m ixture was h eated  a t  80° fo r  7 h . 
The s o lu tio n  was t r a n s f e r r e d  to  a  d ia ly s is  sac  and d ia ly sed  e x h au s tiv e ly  
a g a in s t d i s t i l l e d  w a ter, co n cen tra ted  and f re e z e  d rie d  (3 .3  g) •
\
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CHAPTER 3 CARBOHYDRATES OF PHAEOPHYCEAE
3» 1 In tro d u c tio n
The Phaeophyceae a re  c h a ra c te r is e d  from a g en era l chemical s tan d ­
p o in t by t h e i r  lam inaran  and a lg in ic  a c id  co n ten ts  which rep lace  
am ylopectin  type p o ly sacch arid es  and th e  g a la c ta n  su lp h a tes  found in  
th e  Rhodophyceae. The p o ly sacch arid e  su lp h a te  e s te r s  a re  not excluded 
from th e  brown seaweeds, be ing  re p re se n te d  in  t h i s  case by "fucans* .
The chem ical com position o f th e  brown marine a lg ae  has rece iv ed  
in te n s iv e  exam ination m ainly because o f th e  commercial im portance o f 
a lg in a te s ,  p a r t i c u la r ly  du rin g  recen t y e a r s .  The v a rio u s  fa c to r s  which 
a f f e c t  th e  carbohydrate  c o n s ti tu e n ts  have been s tu d ie d , s in ce  
h a rv e s tin g  th e  weed a t  optimum c o n ce n tra tio n  o f th e  a lg in ic  a c id  i s  a 
p r e re q u is i te  f o r  th e  in d u s tr ie s  based upon seaweed as a raw m a te r ia l .
Thus, th e  e f f e c t s  o f  seaso n al v a r ia t io n s ,  depth  o f immersion and 
com position o f sea  w ater have been shown to  a f f e c t  th e  a lg in ic  a c id , 
lam inaran  and 'fucan* co n ten ts  o f  th e  seaw eeds. I t  has a lso  been 
shown th a t  th e se  p o ly sacch arid es  a re  not evenly  d is t r ib u te d  throughout 
th e  fro n d  o r s t ip e  o f th e  p la n t .
Carbohydrates m etabo lised  by th e  brown a lg a e , th e  Phaeophyceae, 
can be d iv id ed  in to  th re e  m ajor c la s s e s  namely; - LoW m olecu lar w eight 
carbohydrates (so lu b le  in  80^ ethanol)* : I fet er  so lu b le  po ly­
sacch arid es  and C ell w all m a te r ia l o r s t r u c tu r a l  p o ly sac c h a r id e s .
Low m olecular weight carbohydrates
Among th e  low m olecular w eight carbohydrates o f th e  Phaeophyceae,
D -m annitol appears to  be p re sen t u n iv e rs a l ly , in  some sp ec ie s  and a t
101some seasons in  la rg e  q u a n t i t i e s .  M annitol i s  b e lie v ed  to  be a  s to ra g e
102m a te r ia l and a lso  a  s u b s tr a te  f o r  r e s p i r a t io n .  D -vo lem ito l, a
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seven carbon atom a lc o h o l, has been found in  th e  brown seaweed
P e lv e tia  c a n a l ic u la ta ,^^^ and 1-0-y^D -gluco_pyranosyl D-mannitol and
1,6 -d i-(0 -^ -g -g lu .co p y ran o sy l)-D ~ m an n ito l have been re p o rte d  in  sev e ra l
o th e r  brown a l g a e . L a m i n i t o l  (3 -^ - j3 “S~SlT^copyranosyl-p-glucitol)
has been found in  Lam inaria sp ec ie s  and t r a c e  q u a n t i t ie s  o f su cro se ,
105g a la c to se  and mannose have been found in  C ladostephus s p e c ie s .
In  D esm arestia  f irm a , th e  p resence  o f a monouronic a c id  and la c to n e  
(w ith  th e  same p .c .  .and io n o p h o re tic  m o b il i t ie s  as mannuronic acid) 
was a lso  observed .
2 , 1 ^ 2  Water so lu b le  p o ly sacch arid es
This can ag a in  be subdiv ided  in to  two c la s se s  (a) Pood re se rv e  
m a te r ia l and (b) O ther so lu b le  p o ly sac c h a rid e s .
(a) Food re se rv e  m a te r ia l
Laminaran, ayQ -(l—a^3) - l in k e d  g lucan  i s  p re sen t in  a l l  brown 
a l g a e . I t s  p ro p o rtio n  o f th e  d ry  w eight o f th e  weed v a r ie s  
w idely  bo th  w ith  th e  sp ec ie s  and w ith  th e  season .
Laminaran y ie ld s  g lucose as th e  so le  reducing  sugar a f t e r  complete 
a c id  h y d ro ly s is , on one occasion  a sm all p ro p o rtio n  o f mannose has
109been re p o r te d . With b e t t e r  s e p a ra tio n  and m onito ring  techn iques
110m annito l was found to  be a c o n s ti tu e n t o f th e  lam inaran  from some spe'P^bs. 
From th e  p ro p o rtio n s  o f m annitol p re s e n t, i t  was c a lc u la te d  fo r  
lam inaran  from Lam inaria hyperborea and L. d ig i i a t a  th a t  4-0% o f th e  
m olecules have m annitol as th e  te rm in a tin g  carbohydrate  a t  th e  p o te n t ia l  
red u c in g  end o f th e  m olecule; lin k e d  a t  C -1,and th e  r e s t  o f th e  
m olecules a re  te rm in a ted  by a reducing  glucose u n it  lin k e d  a t  C-3.
The m olecules o f  lam inaran te rm in a ted  by m annito l re s id u es  a re  c a lle d  
M -chains, w h ile  th e  rem aining m olecules te rm in a ted  by reducing  glucose 
re s id u e s  a re  c a l le d  G -chains. Anderson e t a l  c a lc u la te d  th e  M -chain 
and G-chain con ten t o f lam inaran from Lam inaria hyperborea by determ in ing  ,
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th e  y ie ld  o f  form aldehyde l ib e r a te d  by p e rio d a te  o x id a tio n  o f
lam inaran  b e fo re  and a f t e r  re d u c tio n ! '
According to  th e  s o lu b i l i ty  o f lam inaran  in  co ld  w ater i t  has
been c la s s i f i e d  in to  two form s, ’ so lub le*  and ’ in so lu b le*  although
both  forms d is so lv e  in  hot w a te r . The main d if fe re n c e  between th e
two forms has been found to  be th e  p resence  o f branch p o in ts ;  th e
’ s o lu b le ’ polymer appears to  co n ta in  more g lucose u n i ts  lin k ed  through
112C-1, C-3 and C-6 th a n  th e  in s o lu b le . Laminarans a re  f a i r l y  low
m olecu lar w eight p o ly sacch arid es  (norm ally  in  th e  reg io n  o f 4“5000) »
evidence f o r  ( 1-4»-6 )- l in k e d  g lucose w ith in  th e  chains has been
. , 112 re p o r te d .
I t  i s  p robab le  th a t  lam inaran  i s  not a  s in g le  m olecu lar sp ec ie s  
bu t th a t  th e  name covers a  whole range o f  e s s e n t i a l l y y ^ - (  1 -^ 3 )  - l in k e d  
glucans in  some o f which th e  reducing  end i s  te rm in a ted  by m annitol 
re s id u e s  w hile  o th e r  sp ec ie s  a re  devoid o f i t .  On th e  o v e ra ll  evidence 
Eisizawa^ suggested  th a t  E ise n ia  lam inaran  i s  a  l in e a r  ^ - g l u c a n  w ith  
a DP o f  about 20 c o n ta in in g  bo th  (l-** .3)-and  ( l - ^  6 )- in te r - r e s id u e  
lin k ag es  in  th e  approxim ate p ro p o rtio n  o f  2 :1 .
(b) O ther so lu b le  p o ly sacch arid es
Fucoidan o r Fucan: One o f th e  p r in c ip a l  c o n s ti tu e n ts  o f th e
brown seaweeds i s  fuco idan , more re c e n t ly  named ’fu can ’ , a  p o ly sacch arid e
c a rry in g  h a l f  e s t e r  su lp h a te  groups. H ydrolysis o f ’ fu can ’ y ie ld s
fuoose , bu t g a la c to se , xy lose and u ro n ic  a c id s  (and sometimes mannose)
a re  a lso  g e n e ra lly  p re sen t in  th e  m acrom olecules. A ’ fu can ’ c o n ta in in g
on ly  fuoose u n i ts  has so f a r  never been i s o la te d .  In  a  h ig h ly  p u r i f ie d
114sample from H im anthalia lo r e a , th e  fuoose con ten t was found to  be 
57^, su lp h a te  38^, g a lac to se  4^» xy lose  1 .5^ and u ro n ic  a c id  c a . 3^.
A ’fu can ’ from Fucus v e s ic u lo su s^^^ w ith  a  fuoose con ten t o f 38^ and 33^ 
su lp h a te , when t r e a te d  w ith  a lk a l i  lo s t  10^ o f th e  e s te r  su lp h a te ,
in d ic a t in g  th a t  a  sm all p ro p o rtio n  o f  th e  su lp h a te  groups were lin k ed
\I
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to  C-2 o r C-3 o f a (1—«^4) “ lin k e d  fuoose re s id u e . I t  shows th a t  th e  
hu lk  o f th e  L-fucopyranose u n it  cannot he ( 1—#  ^4) - l in k e d  as th i s  
would ren d e r a l l  th e  su lp h a te  groups a lk a l i  l a b i l e .  M éthy lation  o f 
th e  ’ fucan* rev ea led  th a t  th e  main s t r u c tu r a l  f e a tu re  o f th i s  
p o ly sacch arid e  i s  ( 1—►•2)- lin k e d  fuoose u n i ts  m ainly monosulphated 
a t  C-4, evidence f o r  fuoose u n i ts  d isu lp h a ted  a t  C-3 and C-4 was a lso  
found.
S tru c tu ra l  s tu d ie s  o f ’ fu c a n s’ by o th e r  workers confirm ed th e
above view . In  a d d it io n  i t  has been s ta te d  th a t  th e  o th e r  sugar
re s id u e s  p re sen t might c o n s t i tu te  an in te g r a l  p a r t  o f th e  ’fu can ’
m acrom olecule. ’Fucan’ e x tra c te d  from Fucus ve s i c u l o s us ^ a n d
11?Ascophyllum nodosum when su b jec te d  to  f r e e  boundary e le c tro p h o re s is
gave r i s e  to  two bands in  th e  form er case and th re e  in  th e  l a t t e r ,
which i s  an in d ic a tio n  o f th e  heterogeneous n a tu re  o f th e  p o lysaccharide ,
117Exam ination o f th e  ’ fu c a n s’ o f Ascophyllum nodosum and o th e r  
brown a lg ae  rev ea led  th a t  th e  p ro p o r tio n  o f  o th e r  c o n s ti tu e n t sugars 
v a ry  not on ly  from sp ec ie s  to  sp ec ie s  but a lso  from method o f 
e x tra c t io n  o r f r a c t io n a t io n  o f  th e  e x tra c t  from th e  same sp e c ie s .
’Fucans’ from a lk a l i  e x tra c t
E x tra c tio n  o f th e  brown seaweed w ith  d i lu te  sodium hydroxide,
fo llo w in g  th e  e x tra c t io n  o f a c id  so lu b le  carb o h y d ra tes , y ie ld s  a  m ixture
o f a lg in ic  a c id  and ’fucans* . These l a t t e r  p o ly sacch arid es  co n ta in
v a ry in g  p ro p o rtio n s  o f fuoose, x y lo se , f a i r l y  h igh  am ounts.of g lu cu ro n ic
117a c id  and h a l f  e s te r  su lp h a te . A lg in ic  a c id  i s  p re c ip i ta te d  by pH
ad justm en ts and th e  ’fu can s’ were recovered  from th e  su p ern a tan t by 
f r a c t io n a l  p r e c ip i ta t io n  w ith  e th a n o l. The m ajor po ly sacch arid e  
f r a c t io n  from Ascophyllum nodosum, c a l le d  a sco p h y llan  con tained  
approx im ate ly  25^  fu co se , 26^ x y lo se , 19^ u ro n ic  a c id , 13^ su lp h a te  
and 12^ p r o te in .  Two o th e r  sm alle r f r a c t io n s  d i f f e r  from ascophy llan
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on ly  in  th e  r e l a t i v e  p ro p o rtio n  o f th e  c o n s t i tu e n ts .  When examined 
hy paper chrom atography, th e  h y d ro ly sa te s  o f a l l  th e  th re e  f r a c t io n s  
e x h ib ite d  s im ila r  chrom atographic p a t te r n s ,  a lthough  v a r ia t io n  in  th e  
in te n s i ty  o f th e  sp o ts  in d ic a te d  v a r ia t io n  in  th e  amounts of th e  
c o n s t i tu e n ts .
Attem pted s e p a ra tio n  o f  th e  p o ly p ep tid e  m oiety from th e  
carbohydrate  in  a sco p h y llan  was u n su cc e ss fu l, which suggests a chemical 
lin k ag e  between th e  tw o. When asco p h y llan  was su b jec te d  to  m ild 
h y d ro ly s is  w ith  0 .^M -oxalic a c id , cleavage occurred  to  p ep tid e  as w ell 
as g ly c o s id ic  lin k ag es  o f th e  p o ly sacch arid e  r e s u l t in g  in  d ia ly sa b le  
mono and o lig o sa cc h a rid e s  and n o n d ia ly sab le  degraded p o ly sac c h a rid e .
The con ten t o f th e  d ia ly s is  sac when examined rev ea led  th e  p resence o f 
alm ost a l l  th e  u ro n ic  a c id  o r ig in a l ly  p re sen t in  th e  po ly sacch arid e  
and th a t  i t  was alm ost devoid o f fu co se , x y lo se , and h a l f  e s te r  s u lp h a te . 
These r e s u l t s  le d  th e  au th o rs  to  conclude th a t  a sco p h y llan  c o n s is ts  o f 
a g lucuronan backbone w ith  a  r e l a t i v e ly  long  s id e  chain  o f su lp h a ted  
fucose  and xy lose  re s id u e s .
The re s id u a l  Ascophyllum nodosum ( a f t e r  a c id  and a lk a l i  e x tra c tio n )  
when e x tra c te d  w ith  ammonium o x a la te /o x a lic  a c id  a t  pH 2 .8 , 
m a te r ia l c o n s is t in g  o f a  m ixture o f 17 to  20^ a lg in ic  a c id  and a ’fucan*, 
th e  l a t t e r  comprised 49^ fu co se , 10^ x y lo se , 12^ u ro n ic  a c id , 21^ 
su lp h a te  and p r o te in . '’!'® The a lg in io  ao id  was removed from th e  
p o ly sacch arid e  m ixture as th e  in so lu b le  calcium  s a l t ,  and a ttem pted  ' 
f r a c t io n a t io n  o f th e  ’ fu can ’ proved im p o ssib le . A utohydrolysis o f  
th e  p o ly sacch arid e  in  a d ia ly s is  tube  r e s u l te d  m  ;cti degraded 
p o ly sacch arid e  which was found to  co n ta in  fu co se , xy lose  and g lu cu ro n ic  
a c id  in  th e  m olar p ro p o rtio n s  o f 3 * 5 :1 :2 .5 . I t  was th e re fo re ,  
concluded th a t  t h i s  p o lysaccharide  does no t have a  g lu cu ro n ic  a c id  
backbone. 3-0-(yQ -D-Glucopyranuronosyl) L -fucose , was c h a ra c te r is e d  ‘
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as  th e  m ajor o lg io sa cc h a rid e  in  a  p a r t i a l  h y d ro ly sa te  o f th i s  
p o ly sac c h a rid e .
S tu d ies  on H im anthalia lo r e a , B ifu rc u r ia  h i fu r c a ta  and Padina 
119pavonia in  th i s  la b o ra to ry  in d ic a te  th a t  th e  ’fucans* comprise a 
whole fam ily  of p o ly sacch arid es  co n ta in in g  v a rio u s  p ro p o rtio n s  of 
fu co se , x y lose  g a la c to se , g lu cu ro n ic  a c id , and su lp h a te . F ra c tio n a tio n  
o f d i f f e r e n t  e x tra c ts  on DE-$2 c e llu lo s e  columns le d  to  th e  i s o la t io n  
o f h ig h ly  su lp h a ted  m a te r ia ls  having  a h igh  con ten t o f fucose , polymers 
hav ing  a h igh  con ten t o f g lu cu ro n ic  a c id  and low con ten t o f fucose and 
s u lp h a te , and f r a c t io n s  w ith  p ro p o rtio n s  o f sugars and su lp h a te  between 
th e se  two extrem es.
Sar gassan
A su lp h a ted  h e te ro p o ly sacch a rid e  has been found in  th e  a c id  
e x tra c t  o f th e  brown a lg a  Sargassum l in i f o l iu m . F ra c tio n a tio n  o f t h i s  
e x tra c t  gave a  n e u tra l  lam inaran  l ik e  g lucan  and a su lp h a ted  h e te ro ­
p o ly sacch arid e  (sa rgassan ) , which i s  composed o f B -g lucuron ic  a c id ,
120^m annose , D -g a lac to se , D -xylose, L -fucose and p ro te in .  Sulphate
groups have been d e te c te d  on some of th e  D -ga lac to se  and L-fucose
r e s i d u e s . E v i d e n c e  fo r  th e  ex is ten ce  o f a  ( l— 4) - lin k e d
^ ^ _ ^ g lu c u r o n ic  a c id  and ^-D -m annose backbone in  sa rg assan  was ob ta ined
from a s tu d y  o f th e  behaviour o f th e  p o ly sacch arid e  tow ards p e rio d a te
b e fo re  and a f t e r  p a r t i a l  a c id  h y d ro ly s is , a lk a l i  tre a tm e n t, and 
141m eth an o ly sis . The heteropolym er a lso  co n ta in s  p a r t i a l l y  su lp h ated
branches a tta c h e d  to  th e  backbone, and th e se  branches comprise v a rio u s  
p ro p o rtio n s  o f ( 1- ^ 4) - l i n k e d ^ - ^ g a l a c t o s e ,  -D -g a lac to se  6 -su lp h a te ,
and y ^ - ^ g a la c to s e  3 ,6 -d isu lp h a te  re s id u e s , (I— 2) - l i nked  
a-L -fucose  4 -su lp h a te  re s id u e s , and ( 1 -» -3 )-lin k ed y Q -D -x y lo se  re s id u e s .
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A lg in ic  a c id
A lg in ic  a c id  i s  norm ally  e x tra c te d  w ith  d i lu te  sodium carbonate
and p u r if ie d  by p r e c ip i t a t io n  e i th e r  w ith  aloohol as th e  f r e e  a c id  o r
th e  calcium  s a l t .  I t  i s  a l in e a r  glycuronan composed o f ( 1— 4) -
lin k ed  ^ -D -m an n u ro n ic  a c id  and a -L -g n lu ro n ic  a c id  u n i t s . The
p ro p o rtio n  o f th e  two components depend on spec ies  and on th e  re g io n
of th e  p la n t from which th e  p o ly sacch arid e  i s  e x tra c te d . I t  a lso
shows seaso n al v a r i a t io n s .  The main lo c a tio n  o f a lg in ic  a c id  i s  in
121 122th e  middle la m e lla  and in  th e  p rim ary  c e l l  w all of th e  seaw eeds. *
I t  was o r ig in a l ly  thought to  be composed s o le ly  o f D-mannuronic a c id
142re s id u e s , bu t l a t e r  s tu d ie s  have shown th a t  i t  a lso  co n ta in s  a  . 
consid erab le  p ro p o r tio n  o f L -gu lu ro n ic  a c id , a C-5-epimer o f 
D-mannuronic a c id .  P e rio d a te  and bromine o x id a tio n  o f a lg in ic  a c id ,
follow ed by h y d ro ly s is  y ie ld e d  bo th  th r e a r ic  and e ry th ra r ic  a c id , showing 
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T h rearic  a c id
F ig u re  3.1
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That both  a c id s  were p re sen t in  a s in g le  m olecule was shown by
p a r t i a l  h y d ro ly s is  o f a sample, in  which th e  u ro n ic  a c id s  had been
reduced to  th e  co rresponding  sugars and th e  i s o la t io n  o f th e
127d isac c h a rid e  mannosylgulose from th e  h y d ro ly sa te . In form ation
about th e  sequence o f u ro n ic  a c id  re s id u e s  in  th e  a lg in a te  m olecule 
was ob ta in ed  by heterogeneous h y d ro ly s is . When a sample o f sodium
128a lg in a te  was su b jec te d  to  h y d ro ly s is  w ith  M -oxalic a c id  fo r  10 hours 
a t  100°C, p a r t  o f th e  p o ly sacch arid e  was r e a d i ly  hydrolysed  to  o lig o ­
sa c c h a rid e s , le a v in g  an in so lu b le  re s id u e . The h y d ro ly s is  was 
rep ea ted  and th e  d e riv ed  re s id u e  was hydro lysed  a t h i r d  tim e . From 
th e  f a c t  th a t  th e  f i r s t  h y d ro ly s is  gave a more ra p id  depo lym erisa tion  
th a n  th e  o th e r  two i t  was concluded th a t  th e  m olecule was made up of 
p a r ts  w ith  d i f f e r e n t  s t r u c tu r e s .
The f i n a l  a c id  r e s i s t a n t  p o ly sacch arid e  was sep a ra te d  in to  two 
f r a c t io n s  by a d ju s t in g  th e  pH w ith  h y d ro ch lo ric  a c id  o r a lk a l i  to  2.85 
in  d i lu te  sod ium -ch loride  s o lu t io n .  Both f r a c t io n s  had DP values o f 
about 20, bu t th e  so lu b le  f r a c t io n  was made up alm ost e n t i r e ly  o f 
mannuronic and th e  in so lu b le  f r a c t io n  o f g u lu ro n ic  a c id  r e s id u e s .
The f i r s t  h y d ro ly sa te  con ta ined  bo th  mannuronic and gu lu ro n ic  re s id u e  
to g e th e r  w ith  di-r and t r i - u r o n id e s . The m ajor d iu ro n id es  o f th e  
f i r s t  te n  hour p e rio d  was thought to  be a  m annuronic-guluronic a c id  
dimer w hile th e  m ajor d iu ro n id es  o f th e  l a s t  two were thought to  be 
composed o f dim annuronic and d ig u lu ro n ic  re s id u e s .
In  a lg in ic  a c id  th e  re s id u es  a re  a rranged  in  b locks o f e i th e r  
e n t i r e ly  mannuronic a c id  (m) o r g u lu ro n ic  a c id  ( g) u n i ts  in te rs p e r s e d  by 
reg io n s  o f i r r e g u la r  a l te r n a t io n  —M—M—M—M—M—M—G—M—G—G—M—G—G—G—G—G—G—M—M—G—
c a . 20
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F ib re s  o f  a lg in io  ao id  can be prepared  and th e se  can be used fo r  X—ray
124-exam ination. I t  has been shown from th e se  s tu d ie s  th a t  th e  mannuronic 
acid  reg io n s  form th e  spacing  o f 10.3 A° and th e  gul u ro n ic  8 .7  A°.
The p ro p o r tio n  o f th e  v a rio u s  b locks in  an a lg in a te  sample 
depends upon th e  source o f th e  a lg in a te  and v a rie s  in  d i f f e r e n t  p a r ts  
of th e  a lg a l  t i s s u e . T h e  p o ly -g u lu ro n ic  b locks complex s tro n g ly  
w ith Ca^"^, Ba^^ and c e r ta in  o th e r  d iv a le n t io n s , ^^9,150 to
a lg in a te s  which g e l r e a d i ly  w ith  th e se  io n s , th e  o th e r  b lo ck s  complex 
only weakly and g ive  a lg in a te  f r a c t io n s ,  which form v isco u s s o lu t io n s .
In  o rder to  u n d ers tan d  th e  r e la t io n s h ip  between ge l fo rm ation  and th e  
block s t r u c tu r e  o f  a lg in a te s ,  i t  i s  necessa ry  to  know th e  ch a in  len g th s  
o f th e  v a rio u s  b lo ck s  and how th e y  a re  d is t r ib u te d  in  a lg in a te s  from 
various so u rc e s . This has been done by enzymic d eg rad a tio n  o f
. 190a lg in a t e s .
Enzymes which depolym erise a lg in a te  have been o b ta in ed  from
v arious b a c te r ia ,  from brown a lg ae , and from marine
155m olluscs. In  g e n e ra l, h ig h ly  p u r if ie d  b a c te r ia l  enzymes have
shown a  p re fe re n c e  f o r  c leav in g  th e  a -^ g u lu ro n ic  a c id  lin k a g e s , 
whereas p u r i f i e d  enzymes from a lg ae  and m olluscs have g r e a te r  a c t i v i t y  
on the^-D -m annuron ic , a c id  l i n k a g e s . E n z y m e s  having  known 
s p e c i f ic i ty  f o r  o n ly  one type o f  lin k ag e  could advan tageously  be used 
to  o b ta in  in fo rm a tio n  on th e  len g th s  o f th e  blocks no t a tta c k e d .
R ecen tly  a  p o la r im e tr ic  procedure fo r  determ ining th e  m annuronic/
191gulu ron ic  a c id  r a t i o s  in  a lg in a te s  has been developed. Follow ing
' 192th e  c h a r a c te r is a t io n  o f  ' b ru c in e -L -g u lu ro n a te , i t  has been shown
th a t  th e  d if fe re n c e  in  v a lues o f th e  b ru c in e  s a l t s  o f
B-mannuronic and ^ g u lu r o n ic  a c id  i s  s u f f ic ie n t  to  p rov ide  th e  b a s is  
o f a p o la r im e tr ic  method fo r  de term in ing  th e  com position o f  a m ix tu re .
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However, th e  p resence  o f d e x tro ro ta to ry  contam inant would tend  to
low er th e  mannuronic a c id  con ten t and in c re a se  th e  gu lu ro n ic  ac id
c o n te n t . Hence i t  i s  n ecessa ry  th a t  th e  samples o f a lg in a te s  fo r
a n a ly s is  he f r e e  o f such contam inants as f a r  as p o s s ib le .
A lg in a te s  fàrrru g e ls  which, u n lik e  th e  a g a rs , a re  not formed or
m elted by tem pera tu re  changes but by a  change in  th e  coun ter io n .
2+S e tt in g  i s  induced by th e  a d d it io n  o f Ca ions whereas removal o f 
th e se  ions o r replacem ent w ith  an a lk a l i  m etal ion  such as Ha"*" 'm elts*  
th e  g e l .
3 .1  3 s t r u c tu r a l  p o ly sacch arid es
C e llu lo se . A sm all p ro p o rtio n  o f c e l lu lo s e  seems to  be
a g en era l s t r u c tu r a l  p o ly sacch arid e  in  th e  brown a lg a e . In  most
cases th e  X -ray diagram o f c e l lu lo s e  I  ( th e  n a tiv e  c e l lu lo s e  o f lan d
p la n ts )  i s  shown a f t e r  th e  m ic r o f ib r i l l a r  m a te r ia l has been f re e d  from
e n c ru s tin g  m a te r ia ls  o f th e  c e l l  w a ll.^ ^ ^  Evidence f o r ^  - (  1 - ^ 4 ) -
lin k e d  g lucose u n i ts  has been ob ta ined  by th e  i s o la t io n  o f  c e llo b io se
and p e r io d a te  s tu d ie s  excluded th e  p resence o f  ( l-> ^ 3 ) -  and (lH>»6)-  
110l in k a g e s .
3 . 2  In v e s tig a t io n  o f  th e  carbohydrates o f brown seaweed D ic ty o p te r is  
plagiogramma (Montague) V ick ers .
D ic ty o p te r is  plagiogramma i s  a  member o f th e  brown a lg ae  Phaeophyceae
and belongs to  th e  o rd e r D ic ty o ta le s , fam ily  D ic ty o taceae . I t  does not
grow in  th e  European w a te rs , th e  p re sen t sample be in g  c o lle c te d  from
B r a z i l .  P la n ts  o f D ic ty o p te ris  plagiogramma a re  e re c t and grow to  a
h e ig h t o f about 25 cm, a re  p ro fu se ly  branched, p a le  and t r a n s lu c e n t ,
th e  p a t te r n  o f b ranch ing  v a r ie s  from a l te r n a te  to  somewhat i r r e g u la r ,
131a t  in te r v a ls  o f  1.0 -  2.5 cm. The s in u se s  a re  narrow but rounded.
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th e  segments a re  3—7 nim broad , w ith  a prominent m idrib  and p in n a te  
v e n i le t s  runn ing  o b liq u e ly  to  th e  m argin. The membrane i s  in  
g en era l one c e l l  in  th ic k n e ss , th e  c e l l s  a re  not g r e a t ly  e longated  
and s o r i  o f h a i r s  a re  found in  i r r e g u la r  rows b esid e  th e  m id rib s, 
sp o ran g ia  a re  i r r e g u la r ly  s c a t te r e d  near th e  m idribs and a re  between 
80-120^  in  d iam e ter.
D ic ty o p te r is  plagiogramma grows p robab ly  on ro ck s , o ld  c o ra ls  
o r s h e l l s  dredged from th e  m oderate depths o f 9 - l8  m. to  as much as 
55 I t  i s  commonly found in  th e  seaw ater o f Bermuda, F lo r id a ,
Mexico, Cuba, Jam aica, P uerto  R ico, B ra z il ,  Venezuela and th e  Is la n d  
o f T rin id a d . The sample in v e s t ig a te d  in  t h i s  work was c o lle c te d  
from Marakazawa in  May 1976, from s ix  f e e t  under w ater and sun d r ie d  
a f t e r  washing w ith  w a te r . The d r ie d  weed ( 15O s)  was su p p lied  to  us 
by "Algimar In d u s tr ia s  Quimicas de A lg in a to s" , Avenida P re s id e n ts  
V argas, 417-A-180 Rio de J a n e iro , B ra z i l .  Marakazawa i s  about 40 
k ilo m e te rs  from R a ta l, c a p i ta l  o f th e  s t a t e  o f  Rio Grande do R orte , 
B ra z i l .
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3 .3  EXPERIMENTAL -  A
(E x tra c tio n  o f th e  carbohydrates)
Experim ent 3 «3.1 Exam ination o f th e  weed befo re  and a f t e r  formaldehyde
trea tm en t
A p o r tio n  (1 g) o f th e  ground weed was hydro lysed  fo r  s ix  hours 
f i r s t  w ith  90^  form ic a c id  [CM 2.3.2] and fo r  an o th er s ix  hours w ith 
M -su lphuric  a c id  [GM 2 .3 .2 ] .  Another p o r tio n  (1 g) o f th e  ground 
weed was immersed in  formaldehyde (40^  s o lu t io n  and l e f t  o v ern ig h t; 
i t  was th en  a i r  d r ie d  and hydrolysed  as above. Both th e  h y d ro ly sa te s , 
a f t e r  n e u t r a l i s a t io n ,  were analysed  by paper chromatography,
[ s o lv e n ts  GM2.4.1 a» b and c] and sprays [GM 2 .5 .1 , 2 .5 * 2 ]. The 
h y d ro ly sa te s  were analysed  by paper io n ophoresis  [CM 2 .4 .2 ]  u s in g  
b u f fe r  [GM 2 .4 .2  ( b ) ] .  (For r e s u l t s  see pageg^ ) .
S eq u en tia l e x tra c t io n  
A fte r  th e  p re lim in a ry  exam ination, th e  d ry  a lg a  (39 g) was 
su b jec te d  to  s e q u e n tia l e x tra c t io n  as o u tlin e d  in  flow  ch a rt 3*1»
Experiment 3*3.2 E th an o lic  e x tra c t io n
The powdered weed was e x tra c te d  tw ice  w ith  80^ aqueous e thano l 
under th e  co n d itio n s  g iven  in  th e  flow  c h a r t .  A fte r  each e x tra c t io n  
th e  s o l id  was c en tr ifu g e d  o f f .  The l a s t  e x tra c t  was v i r t u a l l y  
c o lo u r le s s .  The combined dark green  e th a n o lic  s o lu tio n  was taken  
down to  sm all volume and p a r t i t io n e d  between to lu en e  and w ater w ith  
about 5^ n -b u tan o l to  break  th e  em ulsion. This procedure was rep ea ted  
tw ic e ,a  c o lo u rle ss  e th an o l/w a te r la y e r  and an in te n se  dark green  
(ChlorophyB) to lu en e  la y e r  was o b ta in ed . The to lu en e  la y e r  was 
d isca rd ed  and th e  aqueous e thano l s o lu tio n  (lO ml) poured in to  e thano l 
(lOO m l), a  w hite c r y s ta l l in e  substance p re c ip i ta te d  o u t .  For 
subsequent trea tm en t see experiment 3*4*1*
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Flow ch a rt 3.1
Alga (dry weight 3 9 g)
HCHO trea tm en t
ground under n itro g e n .
r
Powder
(a) soaked in  HCHO s o lu tio n , 24h 
(h) the  so lu tio n  decanted o f f .
(c) th e  re s id u e  a i r  d r ie d .
E tOH e x tra c t io n
HCHO t r e a te d  powder
(a) 2 X 300 ml 80^ EtOH, 20°, 5h.
(h) 1 X 300 ml 80^ EtOH, 70°, 4h.
(c) bo th  e x tra c ts  [(a )  and (b )] combined 
volume reduced .
-----------------------^  E x trac t
Cold HgO 
e x tra c t io n
Residue -  1
'^6^8
d isca rd ed
p a r t i t i o n  between 
to lu en e  (10 ml) and 
HgO + EtOH (10 ml)
(HgO + Eton)
Poured in to  100 ml EtOH 
P r e c ip i ta te  
(152 mg) E x trac t 1
3 X 300 ml 2^ CaClg, 20 , 4b.
Residue -  2
E x tra c t
(a) d ia ly sed  t i l l  f r e e  o f 
ch lo rid e  io n .
(b) co n cen tra ted .
(c) EtOH added.
P r e c ip i ta te
d ia ly sed  and 
fre e z e  d rie d
su p ern a tan t
(65.7&g)
con tinued .
E x tra c t 2A 
(550 mg)
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Residue -  2
Hot HgO e x tra c t io n .
Acid e x tra c t io n .
A lk a li e x tra c t io n .
5 X 300 ml 2^ CaClg, 70° , 4h
Residue -  2B
■^■Extract
(a) d ia ly se d .
(b) co n cen tra ted .
(c) EtOH added.
su p ern a tan t 
( 15.3 mg)
p r e c ip i ta te
d ia ly sed  
fre e z e  d rie d
E x trac t 2B (2.42 g)
5 X 300 ml d i l .  HCl (pH 2 ), 70°, 4h.
•E xtract
Residue -  3
?
d ia ly se d . 
c o n c e n trâ ted. 
f re e z e  d r ie d .
E x trac t -  3 (2 .25 s )
'  (Fucan -  a)
5 X 300 ml 3% m ^ C O y  70° , 4b.
 -----—.....  ^  E x trac t





co n cen tra ted
d r ie d
E x tra c t 4 
(500 mg)
volume reduced to  200 ml 
EtOH ( il ) added
P r e c ip i ta te
P r e c ip i ta teSupernatant
d ia ly se d
fre e z e
d rie d
wash w ith  H_0
fre e z e  d rie d
Fucan (5) 
(350 mg)
G a-a lg in a te  (6)
( 6.9 g)
6 4
.Experim ent 3»3»3 Aqueous e x tra c tio n s
_ A fte r  a i r  d ry in g  th e
a lg a  was e x tra c te d  w ith  aqueous calcium  ch lo rid e  ( 2 ^  s o lu t io n  under
th e  co n d itio n s  d e ta i le d  in  th e  flow  c h a r t .  A fte r  each e x tra c tio n  
th e  s o l id  was c e n tr ifu g e d  o f f  and th e  combined e x tra c ts  were tak en  
down to  sm all volume and p re c ip i ta te d  hy s ix  volumes o f e th an o l.
The d eriv ed  w hite  s o l id  was re d is so lv e d  in  w a ter, d ia ly se d  and 
f re e z e  d r ie d  to  a w hite amorphous powder. (Y ield  550 mg from cold  
(2 a )  and 2.42 g from hot w ater (2B) e x t r a c t s ) .
Experiment 3.3*4 Acid e x tra c t io n
The re s id u e  was th e r e a f te r  e x tra c te d  f iv e  tim es w ith d i lu te  
h y d ro ch lo ric  a c id  (see  flow  c h a r t ) . A fte r  each e x tra c t io n  th e
m ix ture  was c e n tr ifu g e d  and th e  l a s t  e x tra c t  was found to  co n ta in  l i t t l e
c a rb o h y d ra te . The combined e x tra c ts  were d ia ly sed  a g a in s t d e io n ised  
w ater t i l l  f r e e  from c h lo rid e  io n . The e x tra c t  was th en  fre e z e  d r ie d .
A w hite  s o l id  (2 .25 g) was o b ta in ed .
Experiment 3»3»5 A lk a li e x tra c tio n
The combined e x tra c ts  were co n cen tra ted  to  200 ml and poured in to  
e th an o l ( il ) and a f t e r  b e in g  l e f t  o v e rn ig h t-th e  de riv ed  p re c ip i ta te  
was c e n tr ifu g e d  o f f .  The c e n tr ifu g a te  was co n cen tra ted , d ia ly sed  and 
f re e z e  d r ie d . A g reen ish  s o l id  (500 mg) was o b ta ined  (see page 89/ ) •  
The e thano l p r e c ip i ta te  was a i r  d r ie d , re d is so lv e d  in  w ater and 
d ia ly se d  fo r  th re e  days. Tlie so lu tio n  was th en  made up to  a 
c o n ce n tra tio n  o f a lg in ic  a c id  and a 2^ aqueous calcium  ch lo rid e  
s o lu t io n  was added slow ly  w ith  s t i r r i n g  u n t i l  p r e c ip i ta t io n  o f calcium  
a lg in a te  was com plete. The g e la tin o u s  p r e c ip i ta te  was cen tr ifu g ed
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o f f ,  washed w ith  w ater and fre e z e  d r ie d  to  a fawn powder (6 .9  g) .
The su p ern a tan t was d ia ly se d  t i l l  ch lo rid e  f r e e  and f re e z e  d r ie d  
to  a  w hite s o l id  (350 mg) h e r e in a f te r  c a l le d  th e  " fu c an " .
The re s id u e  (20 g) a f t e r  a lk a l i  e x tra c t io n  was not examined 
f u r th e r .
3 .4  • EXPERUVEmL -  B
( in v e s t ig a t io n  o f th e  d i f f e r e n t  e x tra c ts )
Experim ent 3.4*1 The e th a n o lic  e x tra c t  (E x trac t -  1) .
Both th e  c r y s ta l l in e  m a te r ia l (l52  mg), see flow  ch art 3«1) and
th e  e th a n o lic  su p ern a tan t from which th e , c ry s ta ls  had been removed
r  X - ^ ' 5 -,were te s t e d  f o r  carbohydrate  1_(M 2.7» 1j bo th  showed a n e g lig ib le  
amount. S epara te  a l iq u o ts  o f th e  c r y s ta l l in e  m a te r ia l were re d is so lv e d  
in  w ater and t r e a te d  w ith  B iodem in ro lit and A m berlite IR 120H*^  r e s in s  
r e s p e c tiv e ly , which v i r t u a l l y  removed a l l  th e  m a te r ia l in d ic a tin g  th a t  
th e  c r y s ta l l in e  m a te r ia l i s  composed o f in o rg an ic  m a tte r . The 
e th an o l so lu b le  m a te r ia l o f th e  aqueous e x tra c ts  were a lso  found to  be 
devoid  o f any carbohydrate  ( fo r  d is c u ss io n  o f  th e  r e s u l t s  see page B5) •
Experim ent 3 «4«2 The aqueous e x tra c ts  (E x tra c ts  2A and 2B)
The combined aqueous e x tra c ts  (2A) and (2B), comprised 7*62^ o f 
th e  d r ie d  a lg a . The carbohydrate  con ten t f_(M 2 .7 .1 ] ,  su lp h a te  con ten t 
[(M 2 . 7 . 3] and u ro n ic  a c id  con ten t [(M 2 .7 .2 ]  o f th e  po ly sacch arid es  
o b ta in ed  from both  th e  co ld  and ho t w ater e x tra c ts  (h e re in a f te r  c a l le d  . 
2A and 2B re sp e c tiv e ly )  were determ ined . A liquo ts  o f th e  p o ly saccharide  
were hydro lysed  [GTÆ 2 .3 .1 , 2 .3 .2  and 2 .3 * 4 ]. The h y d ro ly sa tes  were 
d iv id ed  in to  two p o r t io n s . One p o r tio n  o f th e  h y d ro ly sa tes  was 
analysed  by paper chromatography in  so lv en ts  [GM 2 .4 .1  (a) and (b) ] 
and by sprays [GM 2 .5 .1 , 2 .5 .2  and 2 .5*3] and by paper ionophoresis
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[GM 2.4*2 u s in g  b u f f e r  (2.4*2 ( a ) ] ,  w hile  th e  o th e r  p o rtio n s  were 
an a ly sed  by g . l . c .  a f t e r  conversion  in to  TMS a l d i t o l  d e r iv a tiv e s  
[GM 2 .6 .1  ( i ) ] .  The r e la t iv e  p ro p o rtio n  o f th e  in d iv id u a l 
m onosaccharides were a lso  determ ined . The r e s u l t s  a re  shown in  
tab les3 * 1  and 3*2.
Experiment 3*4*3 The a c id  e x tra c t  (E x trac t -  3)
The a c id  e x tra c t  (e x tra c t  3) was in v e s t ig a te d  in  a  s im ila r  way as 
d e sc rib ed  in  experim ent 3*4*2* The r e s u l t s  a re  d iscu ssed  on page 88  
and th e  r e l a t i v e  p ro p o rtio n s  o f th e  m onosaccharide components o f th i s  
e x tra c t  i s  ta b u la te d  in  ta b le  3*3*
A lk a li e x tra c t  (E x trac t 4, 3 and 6)
Experim ent 3*4*4 The "fucan" from a lk a l i  e x tra c t  (e x tra c t  3)
A p o r tio n  o f th e  "fucan" (20 mg) (e x p t. 3*3*5) was hydro lysed , 
and th e  com position o f  th e  h y d ro ly sa te  was examined as d e sc rib ed  in  
experim ent 3*4*2. The su lp h a te  co n ten t, u ro n ic  a c id  con ten t and th e  
carbohydrate  con ten t o f  th e  "fucan" were a lso  determ ined in  th e  u su a l 
way ( fo r  r e s u l t s  see page89  )*
Experim ent 3*4*5 Exam ination o f  th e  calcium  a lg in a te  from th e  a lk a l in e
e x tra c t
Conversion o f calcium  a lg in a te  to  sodium a lg in a te  
The calcium  a lg in a te  (6 .9  g) (e x p t. 3*3*5) was suspended in  
0 .5  M HCl (300 ml) in  a  la rg e  s in te re d  fu n n e l th e  base o f  which was 
f i l l e d  w ith  w a te r . The suspension  was o c c a s io n a lly  s t i r r e d  and a f t e r  . 
3 h th e  h y d ro ch lo ric  a c id  was f i l t e r e d  o f f .  The f i l t r a t e  was te s te d  
f o r  calcium  ions w ith  an o x a la te  s o lu tio n  and th e  p rocess rep ea ted  
tw ic e . Ho calcium  was found in  th e  l a s t  f i l t r a t e  and th e  s o l id  was 
washed w ith  w ater t i l l  n e a r ly  n e u tra l  u s in g  t ro p o le in  as in d ic a to r .
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The s o l id  was th e n  suspended in  w ater under v igorous s t i r r i n g  and 
t i t r a t e d  w ith  0 .1  M HaOH u n t i l  pH ^  7 was reached hy which tim e a l l  
th e  a lg in ic  a c id  had d is so lv e d . The s o lu t io n  was d ia ly sed  fo r  two 
days and f re e z e  d r ie d  to  a  fawn s o l id .
Experim ent 3.4*6 In v e s t ig a t io n  o f th e  sodium a lg in a te
A p o r tio n  (30 mg) o f th e  sodium a lg in a te  was hydrolysed  
[cm 2 . 3 *2] and in v e s t ig a te d  hy paper chromatography [GM 2.4*1 a , h ] 
and hy io n o p h o resis  [CM 2 .4 .2  ( c ) ] .  The v is c o s i ty  of a  1^ aqueous 
sodium a lg in a te  s o lu t io n  (25 ml) was measured a t  25° in  an Ostwald 
c a p i l l a r y  v iscom eter (see  page g o ) .
Experim ent 3*4*7 D irec t e x tra c t io n  of a lg in ic  a c id  (see flow  ch a rt 3*2) 
A p o r tio n  o f th e  d ry  a lg a  (25*0 g) was ground to  powder under 
l iq u id  n i tro g e n . A s o lu t io n  o f  1 .8^  fo rm alin  (200 ml) was added to  
th e  a lg a  and th e  m ix ture  s t i r r e d  f o r  a  m inute and th en  l e f t  fo r  t h i r t y  
m in u tes . The su p ern a tan t was decanted  o f f  and w ater (5OO ml) was
added. To t h i s  m ixture s o l id  sodium carbonate  (5 g) and a 10^ sodium
hydroxide s o lu t io n  (5 ml) were added and th e  m ixture was kept a t  60° fo r  
2 h under s t i r r i n g .  The re s id u e  was f i l t e r e d  o f f  and th e  s o lu tio n
n e u tr a l is e d  (pH = 6 . 5) w ith  d i lu te  h y d ro ch lo ric  a c id  and d i lu te d  to  
1500 m l. Calcium c h lo rid e  s o lu t io n  (200 ml) was added under s t i r r i n g  
so th a t  th e  f i n a l  c o n ce n tra tio n  o f calcium  ch lo rid e  in  th e  s o lu tio n  ' 
becomes 2^. A g e la tin o u s  calcium  a lg in a te  p re c ip i ta te d  out which was 
c e n tr ifu g e d  o f f  and th e n  washed w ith  d i lu te  calcium  c h lo rid e  s o lu t io n .
I t  was th e n  suspended in  w ater and fre e z e  d r ie d  to  an amorphous 
calcium  a lg in a te  s o l id  (A lg inate  -  1 ; 4*2 g) * Tlie supernatctnt was 
d ia ly s e d  f o r  3 days and th e n  f re e z e  d r ie d  (fucan  — 1‘, 910 mg).
Plow c h a r t 3 .2
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A l ^  (dry  w eight 25 g)
V
ground under n itro g e n .
Powder
HCHO trea tm en t
(a) soaked in  HCHO s o lu tio n , 24h. 
(h) th e  s o lu t io n  decanted  o f f .
(c) th e  re s id u e  a i r  d r ie d .
HCHO t r e a te d  powder
HapCO. + 0 .1 ^  HaOH2""3 
e x tr a c t io n .
1 X 500 ml 1^ HagCO  ^ + 0 .1 ^  HaOH s o lu t io n ,  
60° , 2h, c e n tr ifu g e d .
T
R esidue-1
E x trac t
3^ HagCO
e x tra c t io n
C
(a) n e u tra l is e d  w ith  HCl.
(b) d i lu te d  to  I5OO ml w ith  HgO.
(c) CaClg added to  a  f in a l  
co n ce n tra tio n  o f 2^.
P r e c ip i ta te
Supernatan t (a) washed w ith  HgO
(b) fre e z e  d r ie d(a) d ia ly sed
(b) f re e z e  d r ie d  Y
 ^ E x trac t-1  (A lg in a te -l)
♦Pucan’-1 ;  (910 mg) 4«1 g
3 X 400 ml, 3^ HagCO^, 70° ,  3h, c e n tr ifu g e d .







"► E x trac t
(a) n e u tr a l is e d  w ith  HCl. 
(h) d i lu te d  to  I5OO ml.
(c) CaClg added to  a  f in a l  
c o n c e n tra tio n  o f  2^.
P r e c ip i ta te
S upernatan t
(a) d ia ly se d  
(h) fre e z e  dified
(a) washed w ith HgO,
(h) f re e z e  d r ie d .






The re s id u e  was e x tra c te d  th re e  tim es w ith  a 3^ sodium carbonate  
so lu tio n  (400 ml) a t  70°C f o r  3 h each tim e . The combined s o lu tio n s  
were n e u t r a l i s e d  (pH = 6 . 5) w ith  d i lu te  h y d ro ch lo ric  a c id  and d i lu te d  
to  1500 m l. This s o lu t io n  was t r e a te d  as d e sc rib ed  above, and gave 
amorphous calc ium  a lg in a te  s o l id  (A lg inate  -  2; I .5 g) as w ell as a 
w hite s o l id  (fu can  -  2; 590 mg) . The two calcium  a lg in a te s  were 
converted  in to  th e  sodium s a l t s  as d esc rib ed  in  experim ent 3*4*5*
The w e ig h t o f th e  sodium a lg in a te s  1 and 2 were 3*9 g  and 1 *4 g 
re s p e c t iv e ly .  T heir v i s c o s i ty  was determ ined as s o lu t io n  a t  25° 
w ith an O stwald c a p i l l a r y  v iscom eter ( fo r  r e s u l t s  see  page 90) ,
Experiment 3*4*8 E stim a tio n  o f  th e  gu lu ron ic  to  mannuronic ~
128a c id  r a t io  in  th e  a lg in ic  a c id
Three a l iq u o ts  (200 mg each) o f sodium a lg in a te  were weighed 
a c c u ra te ly  in to  th r e e  f l a s k s .  The a lg in a te s  were d is so lv e d  in  w ater 
(10 ml) and to  o b ta in  com plete s o lu b i l i s a t io n  th e  s o lu tio n s  were 
warmed. A s o lu t io n  (IO ml) o f  0 .8  M HCl was added to  each f la s k  and 
th e  m ix tu res were hydro lysed  f o r  2 h a t  100°C. The m ix tu res  were 
cen tr ifu g e d  and th e  su p e rn a ta n ts  were used fo r  a n a ly s is  o f  th e  so lu b le  
components; th e  re s id u e s  were washed w ith  O.4  M HCl. One re s id u e  
( re s id u e - l)  was ta k en  f o r  a n a ly s is  and i t  was f u r th e r  washed w ith  
0 .4  M H C l/acetone s o lu t io n , suspended in  w ater and f re e z e  d r ie d .
The rem ain ing  re s id u e s  (re s id u e -2  and 3) were s o lu b i l i s e d  by th e  
a d d itio n  o f  O.5 M HaOH. To th e se  so lu tio n s  O.5 M HCl was added u n t i l  
th e  p r e c ip i t a t io n  p o in t was ju s t  reached . The m ix tu res were th e n  
made up to  10 ml w ith  d i s t i l l e d  w a te r .
A s o lu t io n  o f  0 .8  M HCl (IO ml) was added to  each s o lu tio n  o f 
re s id u es  2 and 3 and th e se  were rehydro lysed  fo r  2 h a t  100°C.
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The m ix tu res  were c e n tr ifu g e d  and th e  su p ern a tan ts  were k e p t; one 
residue  was r e s o lu b i l i s e d  and hydrolysed as d e sc rib ed  above g iv in g  
a su p ern a tan t and a  re s id u e  (re s id u e  3) • The carbohydrate  co n ten ts  
o f th e  s u p e rn a ta n ts  were e stim ated  by th e  phenol su lp h u r ic  a c id  
method u s in g  a  g u lu ro n ic  a c id  to  mannuronolactone 1:1 g raph .
The g u lu ro n ic  a c id  con ten t o f th e  superan t a n ts  and th e  re s id u es  
(the  l a t t e r  co n v erted  in to  so lu b le  sodium a lg in a te )  were determ ined 
by th e  ca rb az o le  method m easuring th e  r a t io  o f chromophore produced 
in  su lp h u ric  a c id  w ith  and w ithout added b o ra te  a t  55°C ( f o r  r e s u l t s  
see page92  t a b le  3*5) •
3.5 EXFERTMEHTAL -  C
(F ra c tio n a tio n  experim ents)
Experiment 3.5*1 In v e s t ig a t io n  o f aqueous e x tra c ts  (2A and 2B) 
by  h ig h  p re s su re  l iq u id  chromatography (HPLC)
P o rtio n s  o f  co ld  and ho t aqueous e x tra c ts  were d is so lv e d  
in  0 .1 ^  a c e t i c  a c id  in  d e io n ised  w ater (7*8 mg/ml and 7*2 mg/ml) 
r e s p e c tiv e ly  and f i l t e r e d  th rough  m il l ip o re . These s o lu tio n s  
(40 /i l)  were in je c te d  s e p a ra te ly  in to  a column o f L ichrosphere  S i 100. 
(sp h e ric a l porous SiOg o f  10 u d iam eter, th e  dim ension o f th e  column 
was 600 X 2 mm) a t  a  flow  r a te  o f 0 .1  — 0 .2  ml p e r  m inute, and flow  
p ressu re  o f  1,500 p . s . i .  The HPLC appara tu s used was WATERS ALC 202 
type w ith  a  f ix e d  w avelength o f U.V. 254 um, d i f f e r e n t i a l  re f ra c tro m e te r  
(tw in c e l l ) ,  u s in g  v i s ib le  w avelength and septum in je c to r .  The 
r e s u l ts  a re  d e sc rib e d  on page 96 and f ig u re  3*2).
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Experiment 3.5*2 F ra c tio n a tio n  o f  th e  aqueous e x tra c ts  (2a) and (2B)
on BE—52 c e l lu lo s e  column 
The p o ly sacch arid es  (2A, 206 mg and 2B, 50? mg) were d isso lv ed  
s e p a ra te ly  in  w ater (40 ml) and la y e re d  on to  DE-52 c e llu lo se  
columns [CM 2 .8 .9 ] .  The columns were e lu te d  w ith  600 ml o f each 
o f th e  fo llo w in g  s o lu tio n s :  w a te r , 0.1M KCl, 0.2M KCl, 0.3M KCl,
O .5M KCl, 0.8m KCl and 1 .OM KCl. As th e  paper chromatography rev ea led  
s im ila r  com position in  0.1M, 0.2M and 0.3M KCl f r a c t io n s ,  in  subsequent 
f r a c t io n a t io n  experim ents th e  columns were e lu te d  w ith  0.3M KCl a f t e r  
e lu t in g  w ith  w a te r . The com position o f  th e  d i f f e r e n t  f r a c t io n s  
o b ta in ed  from th e se  f r a c t io n a t io n  s tu d ie s  i s  ta b u la te d  in  ta b le s  3f:8.<
3 .9  and 3 . I I .
Experiment 3 «5»3 Composition o f  th e  d i f f e r e n t  f r a c t io n s  from 
Experiment 3 .5 .2
The carbohydrate  con ten t [CM 2 .7*1 ]^ th e  su lp h a te  con ten t
[cm 2 . 7 . 3] and th e  u ro n ic  a c id  co n ten t [CM 2 .7 .2 ]  were determ ined
fo r  each o f th e  f r a c t io n s  from E x p t. 3 .5 * 2 . A liquo ts  o f th e  aqueous
and 0.3M KCl f r a c t io n s  o f 2B were in v e s t ig a te d  by HPLC in  th e  same
way as d e sc rib e d  in  experiment 3*5*1* A fte r  h y d ro ly s is  [CM 2 .3 * I]
th e  m onosaccharide components o f  th e  d i f f e r e n t  f r a c t io n s  were
c h a ra c te r is e d  by paper chrom atography in  so lv en ts  [(M 2 .4 * I ]  (a) and
(b) and lo c a t in g  reag en ts  [CM 2.5*1 — 2 .5*5] and by g . l . c .  o f TMS a l d i t o l
d e r iv a t iv e s .  The s p e c if ic  r o ta t io n  o f  th e  aqueous f r a c t io n s  was a lso  .
d e term ined .
Experim ent 3*5*4 F ra c tio n a tio n  o f  aqueous e lu a te^^ ^  (glucan)
A p o r t io n  (67*4 mg) o f th e  aqueous e lu a te  from e x tra c t 2B, 
ex p t. 3*5*2 was d is so lv e d  in  w a ter (2 ml) and la y e red  onto a 
BEAB-8ephadex molybdate column [CM 2 .8 .1 0 ] .  The column was e lu ted
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f i r s t  w ith  w ater and then  w ith  0.25M sodium c h lo rid e  s o lu tio n .
Twenty f r a c t io n s  o f 5 ml each were c o l le c te d  from each e lu a te  and th e  
absorbance o f a l l  th e  f r a c t io n s  were m easured a t  48? um a f t e r  trea tm en t 
w ith  phenol su lp h u ric  a c id  ( f i g .  ?>$.)• A fte r  d ia ly s is  of th e  combined 
sodium c h lo rid e  f r a c t io n s ,  bo th  th e  combined aqueous and combined HaCl 
f r a c t io n s  were fre e ze  d rie d  and weighed ( ta b le  3«10).
Both th e  above f r a c t io n s  were h y d ro lysed  [GM 2 .3 .1] and 
c h a ra c te r is e d  by paper chrom atography in  so lv en t [CM 2 .4 .1  (d) ] and 
lo c a t in g  reag en t [GM 2 .5 .5 ] .  The sodium c h lo rid e  f r a c t io n  was 
t r e a te d  w ith  glucose oxidase a f t e r  h y d ro ly s is  and th e  o x id ised  m ixture 
was an a ly sed  by paper chrom atography.
Experim ent 3.5*5 F ra c tio n a tio n  o f  th e  ho t aqueous e x tra c t  (2B) 
w ith  "Hyamine-l622" (P i-iso b u ty l-p h en o x y —eth o x y -e th y l-d im eth y l 
benzyl ammonium ch lo rid e ) .
The po ly sacch arid e  (I.O  g) was d is so lv e d  in  w ater (IOO ml) w ith  
co n stan t s t i r r i n g .  An aqueous hyamine s o lu t io n  ( l .5  g/lO  ml) was 
th en  added dropwise w hile  p r e c ip i ta t io n  o c cu rred . This was s t i r r e d  
f o r  20 h a t  room tem p era tu re . The p r e c ip i t a t e  was sep a ra te d  by 
f i l t e r i n g  through g la ss  f ib r e  f i l t e r  paper ( f i l t r a t e  I ,  +ve carb o h y d rate); 
and a llow ed  to  dry  in  a i r .  The a i r  d r ie d  p r e c ip i ta te  was th e n  
t r a n s f e r r e d  in to  a beaker, e th an o l ( 25O ml) was added to  i t  and th e  
m ix ture  s t i r r e d  fo r  30 m inutes, a f t e r  which i t  was f i l t e r e d  ag a in  
th rough  g la s s  f ib r e  f i l t e r ,  pap er, ( f i l t r a t e  I I ) . The p r e c ip i ta te  I I  
(754 mg) was washed sev e ra l tim es w ith  e th a n o l.
; The p r e c ip i ta te  ( l l )  was not com pletely  so lu b le  in  w a ter; i t  
was th e re fo re  ag a in  s t i r r e d  w ith  e th an o l f o r  I 8 h , c e n tr ifu g e d  and 
i t  was th e n  f re e z e  d r ie d  (584 mg) . The f re e z e  d r ie d  m a te r ia l was 
s t i l l  in so lu b le  in  w ater; i t  was th e n  e x tra c te d  w ith  chloroform  a f t e r  .
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d is p e rs in g  in  w a te r . The cloudy aqueous f r a c t io n  was f i l t e r e d  
th rough g la s s  f ib r e  f i l t e r  paper; bo th  th e  re s id u e  and c le a r  f i l t r a t e  
were f r e e z e  d r ie d ; th e se  two f r a c t io n s  w i l l  be r e f e r r e d  to  as w ater 
in so lu b le  complex WIP (495 mg) and w ater s o lu b le  p o ly sacch arid e  
WSP (41 mg) r e s p e c t iv e ly .
Experiment 3*5*6 Composition o f th e  d i f f e r e n t  f r a c t io n s  from
Experiment 3*5*5*
The carbohydrate  con ten t [GM 2 .7*1 ], su lp h a te  con ten t [(M 2.7*3] 
and u ro n ic  a c id  con ten t o f a l l  th e  f r a c t io n s  were determ ined .
A liquo ts  were hydro lysed  [CM 2 .3 * I ]  and th e  h y d ro ly sa te s  examined 
by paper chrom atography [GM 2 .4 * l]*  u s in g  so lv e n ts  [ a ,  b , c , d] and 
sp ray  re a g e n ts  [GM 2.5*1 -  2.5*5]*
A liq u o ts  o f  th e  hydro ly s a te s  o f w ater in s o lu b le  and w ater 
so lu b le  f r a c t io n s  were reduced and examined by g . l . c .  [GM 2 .6 ] ,  u s in g  
column I I  a f t e r  co n v ertin g  in to  a l d i t o l  a c e ta te s .  The r e la t iv e  
p ro p o rtio n  o f  each sugar p re sen t in  both  th e  f r a c t io n s  was • determ ined 
by m easuring  th e  peak a re as  o f th e  de riv ed  a l  d i t  ol-ac e t a t  es and a lso  
by phenol s u lp h u r ic  a c id  method a f t e r  s e p a ra t in g  th e  in d iv id u a l sugars 
from th e  hydro ly s a te  on Whatman Ho.3 paper ( f o r  r e s u l t s  and d iscu ss io n  
see pages 104^ 1 16' » Tables 3*12 and 3 * 1 ^*
Experim ent 3*5*7 F ra c tio n a tio n  o f  a c id  e x tr a c t  (fucan-A) by
*Cetrimide* ( c e ty l tr im e th y l ammonium bromide) 
p r e c ip i ta t io n
The p o ly sacch a rid e  (fucan-A , 1*5 g) was d is so lv e d  in  (0.02M) 
sodium su lp h a te  s o lu t io n  (30 ml) . 5^ C entrim ide (30 ml) was
th e n  added s lo w ly  w ith  co n stan t s t i r r i n g ;  th e  p o ly sacch arid e  formed 
a p r e c ip i t a t e  w ith  th e  C etrim ide, th i s  was th e n  kep t f o r  20 h a t  4°G. 
The p r e c ip i t a t e  was sep a ra te d  by f i l t e r i n g  th rough  a nylon  c lo th .
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The f i l t r a t e  (S-A) was te s te d  f o r  carbohydrate  fCM 2 . 7 . l ] ,  i t  was 
th en  t r e a t e d  tw ice  w ith  B io d em in ro lite , reduced to  sm all volume and 
fre e z e  d r ie d  ( 38.1 mg, o ff -w h ite  powder).
The p r e c ip i t a t e ,  which i s  a ce trim id e  complex o f th e  po ly­
sacch a rid e  was decomposed in  4M potassium  c h lo r id e  s o lu tio n  (5O ml,
24 h, w ith  co n s ta n t s t i r r i n g ) . The p o ly sacch a rid e  was recovered  by 
p r e c ip i t a t io n  w ith  200 mis o f e th an o l. The procedure was rep ea ted  
4 tim es to  remove ad hering  'C etrim ide*  and th e  p o ly sacch arid e  was 
f i n a l l y  reco v ered  by d ia ly s is  and fre e z e  d ry in g  (Product 1 ; 663 mg) .
The e th a n o l ic  su p e rn a ta n ts  were d ia ly sed , co n ce n tra te d  and free ze  
d rie d  (Product 2, 66 mg) . A ll th e  th re e  f r a c t io n s  were assayed  fo r  
carbohydrate  [CM 2 . 7 . I ] ,  u ro n ic  a c id  [CM 2 .7 .2 ]  and su lp h a te  con ten ts  
[CM 2 . 7 . 3] .  A liq u o ts  o f each o f th e  f r a c t io n s  were hydro lysed  and 
examined on paper chromatography, and on g . l . c .  a f t e r  re d u c tio n  and 
conversion  in to  a l d i t o l  a c e ta te s .  The n itro g e n  con ten t o f each o f 
th e  f r a c t io n s  were a lso  determ ined . For r e s u l t s  see  pages 1 %Q—114 
and ta b le  3 .1 4 ) .
Experim ent 3 .5 .8  F ra c tio n a tio n  o f th e  a c id  e x tr a c t  (E x trac t 3. 
fucan—a) by T r im e th y ls i ly la te d  g la ss  f ib r e  paper (TGFP) e le c tro p h o re s is
The p re p a ra t io n  o f  t r im e th y ls i ly la te d  g la s s  f ib r e  paper (TGFP) . 
and a n a ly t ic a l  procedure i s  a lre a d y  d e sc rib ed  in  [(M 2 .4 .3  a , b , c ] .  
P re p a ra tiv e  method; S ix  s t r i p s  o f TGFP papers were used to  
f r a c t io n a te  64 .8  mg o f  th e  p o ly sacch a rid e . A f te r  e q u i l ib r a t in g  each 
o f  th e  s t r i p s  w ith  a c e ta te  b u f fe r  f o r  t h i r t y  m inu tes , th e  po ly ­
sac c h a rid e  s o lu t io n  in  a c e ta te  b u ffe r  was a p p lie d  on a l in e  o f  th e  
paper and su b je c te d  to  e le c tro p h o re s is  a t  th e  e l e c t r i c  f i e l d  s tre n g th  
o f 22V/cm. f o r  one h o u r. The paper was th e n  a i r  d r ie d  and th e
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moving and non-moving f r a c t io n s  were taken  out by c u t t in g  th e  
a p p ro p ria te  p ap er s t r i p s .  Both th e  f r a c t io n s  were e x tra c te d  
s e p a ra te ly  w ith  w a ter a t  room tem perature and f re e z e  d r ie d .  The 
carbohydrate  co n ten t [GM 2 .7 .1 ]  and su lp h a te  co n ten t [(M 2 .7*3] o f 
both  th e  f r a c t io n s  were determ ined. A liquo ts o f  each o f th e  
f r a c t io n s  were h y d ro lysed  [CM 2 .3 * l ]  and an alysed  by paper 
chrom atography [ 2 . 4 . I ]  in  so lv en ts  a , b and c and s ta in in g  re a g en ts  .
[GM 2 . 5 . 1, 2 . 5 . 2] .
A nother a l iq u o t  o f th e  h y d ro ly sa tes  was reduced  and converted  
in to  a c e ta te  d e r iv a t iv e s  and analysed  by g . l . c .  [GM 2 .6  column ( i i ) ] .  
(See page 115 t a b le  3 .1 5 ).
3.6 EXPERIMENTAL -  D
( s t r u c tu r a l  s tu d ie s  of g lucan  and fucan)
Experiment 3 .6 .1  P e rio d a te  o x id a tio n  o f th e  aqueous f r a c t io n  from
E x tra c t 2B (E xp t. 3 .3 .3 ) .
D e term in a tio n  o f p e r io d a te  reduced: A p o r tio n  (295 mg) o f th e
aqueous f r a c t io n  o b ta in ed  from E x tra c t 2B, E xpt. 3.3*3 and a 
lam inaran  (32 .5  mg) o f known com position from B ifu rc a r ia  b i fu r c a ta  
co n ta in in g  o n ly  G—chains were o x id ised  s e p a ra te ly  w ith  O.O15 M 
sodium m e tap erio d a te  (20 ml) in  th e  dark a t  2°« A liq u o ts  were 
withdrawn a t  in te r v a l s  and d i lu te d  to  250 ml in  a  s tan d a rd  f l a s k .
The a b so rp tio n s  o f  th e se  s o lu tio n s  were read  in  th e  Unicam 
sp ec tro p h o to m ete r SP 500, in  1 cm c e l l s  a g a in s t w a ter a t  223 nm. . 
A liquo ts o f  O.O15M sodium m etaperiodate  ( l  ml) and 0.015M sodium iodate 
(1 ml) were d i lu te d  to  250 ml and t h e i r  ab so rp tio n s  re ad  under th e  
same c o n d it io n s . The p e rio d a te  reduced by th e  p o ly sacch arid es  was 
determ ined by  com parison w ith  th e  s tan d ard  s o lu t io n s .  The
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p e rio d a te  reduced  by th e  p o ly sacch arid es  a t  room tem p era tu re  was 
a lso  d e te rm in ed . The r e s u l t s  a re  shown in  ta b le  3 . l6 and f i g .  3-6 
pages 119-123-
Experiment 3 -6 .2  M éthy lation  o f th e  *fucan-A* by Hakomori method 
A p o r t io n  o f ’ fucan*-A (23-5 mg) was m ethy la ted  once by  th e  
Hakomori method [GM 2.87 a ] .  An a liq u o t (c a . 1/ 3) o f th e  m ethy lated  
m a te ria l was removed and a f t e r  w orking up as d e ta i le d  in  [CM 2.87  a ] 
th i s  was h y d ro ly sed  [(M 2 .3 .1] and examined by paper chrom atography. 
The h y d ro ly sa te  was th e n  reduced [CM 2 . 8 . 4] ,  converted  in to  th e  
a ld i t o l  a c e ta te s  [CM 2 .8 .6 ]  and analysed  by g . l . c .  and g . l . c .  — m .s. 
[GM 2 .6 ] .  The rem ain ing  two th i r d s  o f th e  m ethy la ted  p o ly sacch arid e  
was s u b je c te d  to  a  f u r th e r  m é th y la tio n  procedure and h y dro lysed  
as above. The h y d ro ly sa te  was th e n  analysed  in  a  s im i la r  way as 
fo r  th e  hydro ly s a te  o f ( l  x Hakomori) m ethylated  m a te r ia l  ( fo r  
r e s u l t s  and d is c u s s io n  see pages 124- ‘I 33 axid  t a b l e  5* Î8 )  .
Experiment 3 -6 .3  S ep a ra tio n  and c h a ra c te r is a t io n  o f  th e  slow moving
component o f m ethy lated  fucan-A h y d ro ly sa te  
The hydro ly s a te  o f m ethy la ted  fucan-A was p laced  on 3 mm paper 
and a llow ed to  run  in  so lv en t system  [O-I 2 .4-1  ( c ) ]  f o r  48 h .
The f r a c t io n  w ith  slow er chrom atographic m o b ility  was cu t out and 
e lu te d  w ith  w a te r . A fte r  ev ap o ra tio n  o f w ater a t  reduced  p re s su re  
and a t  a  tem p era tu re  o f 40°C, th e  sample was d r ie d  f u r th e r  over 
conc. HgSO^ in  vacuo. The d r ie d  sample was th e n  e s t e r i f i e d ,  
reduced [GM 2 .8 .3  and 2 . 8 . 4] and hydrolysed  [CM 2 .3 .2 ] .  The 
h y d ro ly sa te  was th e n  n e u tr a l is e d  w ith  N -^nethyldioctylam ine.
A p o r tio n  o f  th e  n e u tr a l is e d  hydro ly s a te  was examined by paper 
chrom atography. The rem ain ing  hydro ly s a te  was reduced and a c e ty la te d , 
The d e riv ed  a l d i t o l  a c e ta te s  were examined by g . l . c .  and g . l . c . - m . s .  
[GM 2 .6 ]  u s in g  column ( i i ) .
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Experiment 3 «6.4 Gel f i l t r a t i o n  s tu d ie s  o f th e  m ethy lated  fucan-A  
P o rtio n s  o f  p o ly sac c h a rid e  (c a . 2 mg) a f t e r  one and a f t e r  two 
Hakomori m é th y la tio n s  were d is so lv e d  in  w ater (0 .5  ml each) and 
s e p a ra te ly  la y e re d  onto a Sepharose 4B column ( 16.5 cm x 1 .3  cm).
The column was e lu te d  w ith  M-KCl, 2 ml f r a c t io n s  be ing  c o l le c te d .
Each o f th e  f r a c t io n s  c o l le c te d  was analysed  fo r  i t s  ca rbohydrate  
content [GM 2 . 7 . 1] and a graph o f mis e lu te d  ag a in s t absorbance a t  
487 nm was p lo t te d  which shows th e  e lu tio n  p a t te rn  o f th e  m eth y la ted  
fucan-A ( f ig .  3 .14 )
The vo id  and column volume o f  th e  column was determ ined w ith  b lu e  
dextran  and g lucose  r e s p e c t iv e ly .
Experiment 3 . 6 .5  P e rio d a te  o x id a tio n  s tu d ie s  o f fucan-A
(a) The fucan—A (l70  mg/170 ml HgO) was ox id ised  w ith  O.O3M—sodium 
m etaperiodate  ( 17O ml) in  th e  dark  a t  room tem perature  f o r  7 days ; 
the  re a c tio n  was m onitored  by th e  spec tropho tom etric  method.
When no more p e r io d a te  up take  by th e  p o lysaccharide  was observed , 
e thy lene g ly co l (1 ml) was added to  d es tro y  excess p e r io d a te .
(b) R eduction o f polyaldehyde to  po ly a lco h o ls
The polyaldehyde s o lu t io n  (from 170 mg fucan) was reduced  w ith  
sodium borohydride (800 mg) . The s o lu tio n  was s t i r r e d  f o r  2h a t  . room 
tem perature  and th e n  l e f t  a t  2° f o r  20 h . I t  was d ia ly se d  (3 -4  days) 
and f re e z e -d r ie d  to  g ive  th e  p o ly a lc o h o l. An a liq u o t o f th e  po ly ­
a lcoho l s o lu t io n  was t e s t e d  fo r  reduc ing  su g ar. (Recovery o f th e  
polyalcohol 143 mg i . e .  84^ .
(c) Second p e r io d a te  o x id a tio n
The p o ly a lco h o l (lOO mg/100 ml water) was t r e a te d  w ith  sodium 
m etaperiodate  [O.O3M, 100 ml as ( a ) ] .  A liquo ts  ( l  ml) o f  t h i s  
so lu tio n  were w ithdraw n a t  in te r v a ls  o f tim e and a f t e r  d i lu t io n  w ith
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w ater (250 ml) , sp e c tro p h o to m e tr ic  measurement was c a r r ie d  out a t  
223 nm to  check i f  th e  p o ly a lco h o l reduced any p e r io d a te . No 
uptake o f th e  p e r io d a te  by th e  po ly a lco h o l was observed . A f te r  
60 h th e  p e r io d a te  was d e stro y ed  by th e  a d d itio n  of e thy lene  g ly c o l 
( l  ml) th e  whole d ia ly s e d  a g a in s t  d i s t i l l e d  w ater fo r  th re e  days and 
free ze  d r ie d  (Recovery 95 mg) .
(d) M ild h y d ro ly s is  o f  th e  p o ly a lco h o l w ith  M- t r i f l u o r o a c e t i c  a c id
( tfa)
The p o ly a lco h o l (red u ced , o x id ised  fucan) ( l l 8  mg) was su b m itted  
to  m ild h y d ro ly s is  in  M - t r i f lu o r a c e t ic  a c id , fo r  pe rio d s  ran g in g  from 
25 to  75 h a t  room te m p e ra tu re , under constan t s t i r r i n g .  A liq u o ts  
o f th i s  s o lu t io n  were w ithdraw n a f t e r  25 h , 50 h and 75 h r e s p e c t iv e ly  
and .sub jec ted  to  g e l f i l t r a t i o n  s tu d ie s  on a Sepharose 4B column 
( fo r  r e s u l t s  see  page1 55 ) •
(e) Gel f i l t r a t i o n  s tu d ie s
P o rtio n s  o f  fu can  A (3 mg/ml) and d erived  p o lya lcoho ls  
(2 .6  mg/ml) a f t e r  f i r s t  and second p e rio d a te  o x id a tio n  (2 .3  mg/ml) 
b e fo re  and a f t e r  tre a tm e n t w ith  M -tr if lu o ro a c e tic  a c id  were la y e re d  
on to  a  column ( 16.5 x 1 .3 cm) o f  Sepharose 4B. Throughout pack ing  
and du rin g  e lu t io n  o f th e  column, a  flow  r a te  o f 1 drop/15  seconds was 
m ain ta ined . The v o id  volume (IO ml) was determ ined w ith  b lu e  d e x tra n  
having  m olecu lar w eight in  excess o f 5 % 10^ which i s  th e  e x c lu s io n  l im i t  
o f  Sepharose 4B. Glucose was e lu te d  a t  31 m l. The e lu t io n  p a t te rn s  
o f fucan-A, th e  p o ly a lco h o ls  and degraded po lya lcoho ls  a re  shown in
( f ig .  3 . t 5 ) .  ;
(f) Formic a c id  h y d ro ly s is  o f  th e  po lyalcoho l from * fucan-A*
A p o r tio n  (15 mg) o f  th e  po ly a lco h o l was hydrolysed  w ith  90^ 
form ic a c id  [GM 2 .3 -1  ] and an a ly sed  by paper chromatography [ s o lv e n ts  
GM 2 . 4.1 (b ) ]  and sp ray s  [GM 2 .5 * 1 1 2 .5 .2 ] .
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Experiment 3 .6 .6  D esu lphation  o f  *fucans* w ith  a lk a l i
D esu lphation  o f fucan-A  (a c id  e x tra c t  of D. p i agio gramme.) a lo n g  
w ith  two o th e r  *fu c a n s* p re v io u s ly  i s o la te d  in  t h i s  la b o ra to ry  and a 
sample ob ta in ed  from th e  I n s t i t u t e  o f Seaweed R esearch, S co tlan d , 
was c a r r ie d  out u s in g  sodium hydrox ide [CM 2 .8 .1 2 ] , The carbohydrate  
co n ten t, u ro n ic  a c id  co n ten t and su lp h a te  con ten t o f a l l  th e  4 sam ples 
were determ ined b e fo re  and a f t e r  a lk a l in e  d esu lp h a tio n  (see  page 14Q 
ta b le  3 -2 0 )•
Experiment 3 -6 .7  Com position o f  th e  desu lphated  *fu can s*
The above fo u r sam ples o f  *fucans* a f t e r  a lk a l in e  d esu lp h a tio n  
a re  d esig n a ted  as DSE-A (d e su lp h a te d  fucan  from th e  ac id  e x tra c t  
o f D. p la g io  gramma) , DSF-B (d esu lp h a ted  * fucan* from B ifu rc a r ia  
h i fu r  c a t a) , DSF-H (d esu lp h a ted  * fucan* from H im anthalia lo re a ) , and 
DSF-X (d esu lphated  *fucan* from I n s t i t u t e  o f  Seaweed re s e a rc h ) . 
A liquo ts  o f DSF-A (45 mg) , DSF-B (40*5 mg) , DSF-H (35-8 mg) and 
DSF-X ( 38.4 mg) were h y d ro ly sed  [GM 2 . 4 .1 , a , b and c] and
[GM 2 . 5 . 1, 2 . 5 . 2] .
An a liq u o t o f each o f  th e  h y d ro ly sa te s , was reduced [(M 2 .8 .4 * ]  
and a c e ty la te d  [GM 2 .8 .6 ] .  The a l d i t o l  a c e ta te s  o f th e  d esu lp h a ted  
*fucans* th u s  o b ta in ed  were examined by g . l . c .  u s in g  column I I  
[GM 2 .6 ] .  The hydro ly s a te s  o f  th e  desu lp h a ted  * f  ucans * re v e a le d  th e  
p resence  o f a new m onosaccharide in  a d d itio n  to  th e  monosaccharide 
components which were o r ig i n a l ly  p re se n t in  th e  paren t p o ly sa c c h a r id e s .
Experim ent 3 .6 .8  I d e n t i f i c a t i o n  o f  th e  new sugar
The new sugar o f  th e  d e su lp h a ted  m a te r ia l was sep a ra ted  on 3MM 
paper [GM 2.4*1 ( c ) ] .  B e t te r  s e p a ra tio n  o f  th e  sugar was ach ieved  
by w ithdraw al o f th e  paper a t  in te r v a ls  o f tw elve hours, d ry ing  a t
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room tem peratu re  and aga-’n e lu t in g .  The s e p a ra te d  sugar was 
converted  in to  i t s  a l d i t o l  a c e ta te  [(T'l 2 .8 .6 ]  and examined by 
g . l . c ,  [GM 2 .6 ]  and by g . l . c , - m .s ,  [Gî-î 2 ,6 .3  ( i ) ]  (see  page 145 
'oxid  f i g . 3 .2 5 )
Experim ent 3*6.9 Gel f i l t r a t i o n  s tu d ie s  of *fucans* b e fo re  and
a f t e r  d esu lp h a tio n  u s in g  Sepharose 4B column
A column was p rep ared  ( 16.5 x 1.3 cm) which had a vo id  volume 
o f 11 m l. Glucose was e lu te d  a t  31 m l. The * fucans * (2 .5  mg/3 ml) 
were d is so lv e d  in  th e  b u f fe r  and e lu te d  w ith  M KOI. F rac tio n s  
(2 ml) were c o lle c te d  d u rin g  e lu t io n .  Each o f th e  f r a c t io n s  
c o l le c te d  was an a ly sed  fo r  i t s  carbohydrate  co n ten t [GM 2 .7 .1 ]  and 
a graph p lo t te d  o f  f r a c t io n s  e lu te d  a g a in s t absorbance a t  487 nm 
(F ig s,3 >  192,, 5h 19c. ahLd5. 1 9 < ^ e  d esu lp h a ted  *fucans* were
a ls o  e lu te d  and m onitored fo r  carbohydrate  in  s im ila r  way.
Experim ent 3 .6 .1 0  Treatm ent o f th e  d esu lpha ted  *fucan* w ith  sodium
m e thox ide^^^
The d esu lp h a ted  fucan-X  ( l .1 7  g) (d r ie d  over a t  60° in
vacuo f o r  one week) was soaked in  d ry  m ethanol w ith  o ccas io n a l shak ing  
f o r  a  f u r th e r  two days. The d r ie d  m a te r ia l ,  a f t e r i a p id  f i l t r a t i o n ,  
was added to  a  s o lu tio n  o f  li th iu m  borohydride  (0 .2  g) and sodium (6 g) 
in  d ry  m ethanol ( 25O ml) and th e  m ixture was re f lu x e d  f o r  24 h o u rs .
The in so lu b le  p o ly sacch arid e  a f t e r  f i l t r a t i o n  and washing w ith  methanol 
was h^rdrolysed (M -sulphuric  a c id  a t  100° f o r  4 h o u rs ) . N e u tra l is a t io n  
w ith  s a tu r a te d  Ba(OH)^ s o ln . d e io n is a t io n  w ith  B io d im in ro lit r e s in  
and s e v e ra l a d d itio n s  o f m ethanol w ith  subsequent ev ap o ra tio n s  to  
remove th e  l a s t  t r a c e  o f b o ra te , gave a syrup (I.O  g) . S ep a ra tio n  
o f th e  syrup on IrJhatman 17 mm paper in  so lv en t G [GM 2 . 4 . 1] gave 
2-0 m ethy lfucose. I t  moved w ith  th e  m o b ility  o f a u th e n tic  
2 -0 -m e th y lfu co se . This was th e n  co n v erted  in to  a l d i t o l  a c e ta te
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[cm 2 .8 .6 ]  and examined by g . l . c .  and g . l . c . - m .s .  (see page ") 
f i g s .  3.24 and 3 * 2 ^ .
Experiment 3 .6 .11  D esulphation  o f  * fucan*-X  by Pavlenko method'^
The fucan  (2 .5  g) was su b je c te d  to  m ild  h y d ro ly s is  and a  m ixture 
o f  m onosaccharidesand t h e i r  su lp h a te s  was o b ta in ed  as e thanol so lu b le  
m a te r ia l a f t e r  s e p a ra tin g  th e  e th an o l in so lu b le  po lysaccharides 
(0.735 g ) • The r e s u l t in g  e th an o l so lu b le  m a te r ia l (1 .76 g) was 
a c e ty la te d  and th e  p a r t i a l l y  a c e ty la te d  m a te r ia l ( I . I  g) was 
desu lphated  w ith  th io n y lc h lo r id e . The d i f f e r e n t  s tep s  involved a re  
d e sc rib ed  below .
( i)  Acid h y d ro ly s is
The po ly sacch arid e  under in v e s t ig a t io n  (2 .5  g) was t r e a te d  
w ith  37 ml o f  w ater and th en  37 ml o f  2M -sulphuric a c id  was added.
The r e s u l t in g  s o lu t io n  o f th e  p o ly sac c h a r id e  was heated  a t  95°C 
f o r  30 m in u tes . The p r e c ip i ta te  was s e p a ra te d  o f f  by f i l t r a t i o n ,  
and th e  f i l t r a t e  was n e u tra l is e d  w ith  a  s a tu ra te d  so lu tio n  o f 
Da (on) g . The re a c tio n  m ixture o b ta in e d  was c en tr ifu g e d , th e  
su p e rn a tan t was poured in to  e th an o l (3OO ml) and th e  m ixture was l e f t  
o v e rn ig h t, f i l t e r e d ,  th e  f i l t r a t e  was evapo ra ted  a t  40°C and was d ried  
over phosphorus-pen tox ide. A m ix tu re  o f monosaccharides and th e i r  
su lp h a te s  was o b ta ined  ( l .76 g) .
( i i )  A c é ty la tio n  o f h y d ro ly sa te
A m ix ture  o f a c e t ic  anhydride  (6 ml) '  r- 
/ _ and ' ' ' :^d r j -, p y rid in e  (7 .5  ml) was cooled  to  0°C, and added 
to  th e  p o ly sacch arid e  hydro ly s a te  (1 .7 6  g) . The so lu tio n  was kept a t 
room tem p era tu re  fo r  I 8 h and was th e n  poured in to  a  50 ml sep a ra to ry  
funnel l /3  f i l l e d  w ith  ic e .  The aqueous s o lu t io n  was e x tra c te d  w ith  
chloroform  ( 4 x 6  ml) and th e  ch loroform  s o lu t io n  was evaporated to  
d ry n e ss . This gave a m ixture o f  a c e ty la te d  m onosaccharide su lp h a te s
in  a  y ie ld  o f ( I . I  g) .
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( i i i )  D esulphation w ith  th io n y l c h lo r id e
The m ixture o f a c e ty la te d  m onosaccharide su lp h a te s  
( 1.1 g) was d isso lv e d  in  f r e s h ly  d i s t i l l e d  th io n y l c h lo r id e  (6 ml) 
and was kep t a t  room tem perature  fo r  6h , The so lv en t was th en  
evapora ted  o f f  in  vacuo. The re s id u e  was d is so lv e d  in  chloroform , 
and th e  s o lu t io n  was washed w ith  5^  sodium b ic a rb o n a te  s o lu t io n  and 
f i n a l l y  w ith  w a te r . The chloroform  s o lu t io n  was th e n  d r ie d  over 
c a lc in e d  anhydrous sodium s u lp h a te . The chloroform  was evaporated  
o f f  and th e  re s id u e  was d rie d  over phosphorus p en to x id e . The d rie d  
m a te r ia l  was weighed (9OO mg). ( fo r  r e s u l t s  see  page “j 53 ) *
Experim ent 3 .6 .1 2  M éthylation o f *Pavlenko* desu lp h a ted  *fucan*
w ith  diazomethane 
A p o r t io n  (0 .8  g) o f th e  d esu lpha ted  and p a r t i a l l y  a c e ty la te d  
m onosaccharides was m ethylated w ith  diazom ethane [CM 2 . 8 . 7 * b ] .  .
The m eth y la ted  m a te r ia l was examined by p aper chrom atography and by 
g . l . c .  u s in g  column ( i i i ) .  This was th e n  c o n v e r te d .in to  a ld i t o l  
a c e ta te s  and examined fu r th e r  by g . l . c .  and g . l . c . - m .s .  u s in g  column ( i i )  . 
(see  ta b le  3 *22) .
Experim ent 3*6.13 M éthylation  o f a lk a l in e  d esu lp h a ted  *fucans* by
Hakomori method 
P o r tio n s  o f a lk a l in e  desu lphated  fucan-^A (D. P lag io  gramma)
B (B ifu rc a r ia  b i f u r  cat a) ; H (H im anthalia  lo re a )  and X were m ethylated  
once by  Hakomori method. A p o r tio n  (c a . I / 3) from each o f th e
m eth y la ted  m a te r ia l was taken  out and a f t e r  removal of th e  so lv en t 
th e se  were hydro lysed  and examined by paper chrom atography. The 
h y d ro ly sa te s  were th en  converted in to  a l d i t o l s  and th e  de riv ed  
a l d i t o l s  were a c e ty la te d . The a l d i t o l  a c e ta te s  o f th e  p a r t i a l l y  
m eth y la ted  m a te r ia ls  were th en  analysed  by g . l . c .  and g . l . c . - m .s .
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The rem ain in g  p o r t io n  (c a . 2/ 3) o f th e  m ethy la ted  p o ly sacch arid es  
were tw ice  m e th y la ted  hy Hakomori method and an a ly sed  s im i la r ly  as 
s ta te d  above a f t e r  h y d ro ly s is , re d u c tio n  and a c é ty la t io n  ( fo r  
r e s u l ts  see  pages 1 6 1 -1 64  and ta b le s  3*23 and 3 *24)*
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3.7 RESULTS AND DISCUSSION
P re lim in a ry  s tu d ie s  o f p o r tio n s  o f th e  d rie d  weed (w ith  and 
without form aldehyde tre a tm e n t)  were c a r r ie d  out a f t e r  a c id  h y d ro ly s is .  
The h y d ro ly sa tes  co n ta in ed  g lu co se , xy lose, fucose, g a la c to s e , mannose 
and u ron ic  a c id s  ( p .c .  and io n o p h o re s is ) . Unlike.* o th e r  hrown 
seaweeds, m annito l was not observed in  th i s  weed. Having t h i s  
p re lim in ary  in fo rm a tio n  in  hand th e  weed was e x tra c te d  s e q u e n t ia l ly  
according to  th e  flow  c h a rt 3.1 (page 61 ) .
3 . 7.1 The e th a n o lic  e x tra c t  (E x tra c t- l)
The combined e th a n o lic  e x tra c ts  a f t e r  removal o f th e  
ch lorophyll (e x p t. 3 .3 .2 )  and c o n c e n tra tio n  was poured in to  excess 
ethanol d u rin g  which a c r y s ta l l in e  substance ( l 52 mg) p r e c ip i ta te d  
o u t. The c r y s ta l s  were found to  comprise almost e n t i r e ly  in o rg a n ic  
m a te r ia l. In  s p i t e  o f re p ea ted  c r y s ta l l i s a t io n  to  remove t h i s  and 
re s in  tre a tm en t i t  proved im possib le  to  d e tec t any carb o h y d ra te .
A ll p rev io u s  s tu d ie s  on brown seaweeds showed th e  p resen ce  o f 
D-mannitol ran g in g  from 3 to  25^ o f th e  d ry  w e i g h t o f  th e  weed.
The fa c t th a t  D -m annitol could not be id e n t i f ie d  in  th e  e th an o l 
ex trac t o f th e  p re se n t weed was r a th e r  s u rp r is in g . By a f u r th e r  
enquiry to  *Algimar In d u s tr ia s  Quimicas de A lg in a te s* , th e  s u p p lie r  
o f the  w eed^it was e v e n tu a lly  le a rn ed  th a t  th e  d rie d  weed was washed 
sev era l tim es w ith  w ater b e fo re  i t  was su p p lied  to  u s . In  our 
opinion, t h i s  w a te r tre a tm e n t o f th e  weed probably  washed away th e  
mannitol and o th e r  low m olecu lar w eight sugars which might have been 
presen t o r ig in a l ly  in  th e  weed. '
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3 .7 .2  Aqueous e x tr a c ts  (E x tra c ts  2A and 2B)
The combined aqueous e x tra c ts  comprised 7.62^ o f th e  
d ried  a lg a . P ro p e r tie s  o f th e  co ld  (2A) and hot (2B) e x tra c ts  
are  given in  ta b le  ( 3 . l )
Table 3.1 P ro p e r t ie s  o f th e  aqueous e x tra c ts
E x trac t 
(from 39 g  
dried  a lga)
Wt. o f th e  
f re e z e —d rie d  
e x tra c t  in  
grammes
C arbohydrate Uronic a c id  Sulphate S p e c if ic  
co n ten t ^  con ten t ^  con ten t ^  r o ta t io n
[a]25o
D
Cold w ater 
(2A)
0.55 63.3 20 5 .7  -2 4 .3
(c  = 1.0)
Hot w ater 
(2B)
2.42 64 12 5 .6  -2 6 .5
(c = 1.O)
Paper chromatograms o f th e  hydro ly s a te s  o f (2A) and (2B) in  
d if fe re n t  so lven t system s and w ith  d i f f e r e n t  sprays and s ta in in g  
reagen ts rev ea led  th e  m onosaccharides shown in  ta b le  3 .2 . The r e s u l t s  
suggest th a t  th e  p o ly sacch arid e  in  bo th  th e  e x tra c ts  were s im i la r .
The presence o f D -glucose and B -g a lac to se  was confirmed by th e  
ap p ro p ria te  o x id ases , whereas co lo u rs  and m o b ility  corresponding  to  
standard  m onosaccharides were used to  id e n t i f y  th e  rem aining mono­
saccharide  components. G . l .c .  o f  th e  IMS a ld i to l  d e r iv a tiv e  confirm ed 
th e  monosaccharides t e n t a t i v e l y  id e n t i f i e d  by th e  paper chrom atography.
The approxim ate r e l a t i v e  p ro p o rtio n  o f th e  d if f e r e n t  mono­
saccharides p re sen t in  th e  h y d ro ly sa te  were determ ined from th e  peak 
a rea  o f th e  g . l . c .  o f each m onosaccharide and by phenol su lp h u ric  a c id  
method a f t e r  s e p a ra tio n  o f  th e  in d iv id u a l monosaccharide on a  3 MM 
paper. As th e  r e te n t io n  tim es o f th e  IMS d e r iv a tiv e  of g lucose  and
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g a lac to se  a re  v e ry  c lo se  to  each o th e r  th e  phenol su lp h u ric  a c id  
method was adopted as th e  more r e l i a b l e  method in  determ ining  th e  
r e la t iv e  p ro p o rtio n s  o f th e  su g ars  o f th e  aqueous e x tr a c t .  In  doing  
so however, two d i f f e r e n t  so lv e n t system s were chosen. As th e  so lv e n t 
system n -bu tano l : p y rid in e  : w a ter (6 :4 :3 ) sep a ra te s  th e  a c id ic  su g ars  
very  w ell from th e  n e u tra l  ones, th e  o lig o u ro n ic  ac id  was f i r s t  
sep a ra te d  from th e  n e u tra l  components by developing in  th i s  so lv en t 
system ; th e  re s o lu t io n  o f  th e  n e u tra l  sacch arid es  i s  however, not 
very  good in  t h i s  so lv e n t; th e s e  were th e re fo re  e lu ted  to g e th e r  and 
ag a in  a p p lie d  on paper and developed in  th e  so lven t system e th y la c e ta te  
a c e t ic  a c id :fo rm ic  a c id rw a te r  ( l8 :3 :1 :4 )«  The amount of each 
monosaccharide was determ ined  by phen o lsu lp h u ric  ac id  method a f t e r  
e lu t in g  th e  in d iv id u a l s t r i p  ( ta b le  3 .2 ) .
Table 3.2 Approximate r e l a t i v e  p ro p o rtio n  o f th e  c o n s ti tu e n t 
m onosaccharides in  th e  hot aqueous e x tra c t (2E) o f 
D. Plagiogram m a. .
M onosaccharides A pproxim ate r e l a t i v e  m olar 
p ro p o r tio n
g lu c u ro n ic  a c id 1.5
D -g a la c to se 0 .5
mannose 1.2
D -g lucose 6 .0
x y lo se 1.0
fu c o se 6 .0
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3.7*3 The ac id  e x tra c t  (E x tra c t-3 )
A fte r  d ia ly s is  and f re e z e -d ry in g  a w hite s o lid  (5 . 8^  o f 
th e  d ry  w eight) was o b ta in e d . The amorphous s o l id  was found to  have 
a carbohydrate  con ten t o f 66^ (compared to  a s tan d a rd  graph com prised 
o f 4 :1 :0 * 5 :1 :1  = fu c o se :g a la c to se :m a n n o se :x y lo se :u ro n ic  a c id ) ,  a 
u ro n ic  a c id  con ten t o f 19*7^ and su lp h a te  con ten t o f 3*9^« Acid 
h y d ro ly s is  o f p o rtio n s  o f t h i s  p o ly sacch a rid e  w ith  th re e  d if f e r e n t  
a c id s , namely 90^ form ic a c id , M -su lphuric  a c id  and 2 M -tr if lu o ro a c e tic  
a c id , rev ea led  a s im ila r  chrom atographic p a t te r n  in  each case . The 
h y d ro ly sa te s  con tained  fu co se , g a la c to s e , x y lo se , mannose, t ra c e  o f 
g lucose and g lucu ron ic  a c id .
The g . l . c .  o f th e  IMS a l d i t o l  d e r iv a t iv e  o f th e  hydro ly s a te  o f 
t h i s . e x t r a c t  a lso  supported  th e  p resence  o f th e  above sac c h a rid es . 
S ep a ra tio n  o f th e  in d iv id u a l m onosaccharides on paper and d e te rm in a tio n  
o f t h e i r  approxim ate r e l a t iv e  amount was c a r r ie d  out in  two s te p s , as 
f o r  th e  aqueous e x tr a c t .  F i r s t l y  th e  u ro n ic  a c id  was sep ara ted  from 
th e  n e u tra l  m onosaccharides and th e n  th e  combined n e u tra l  m onosaccharides 
were sep a ra te d  on a d i f f e r e n t  p a p e r . The approxim ate r e la t iv e  m olar 
p ro p o r tio n s  o f th e se  sac c h a rid es  were th e n  determ ined w ith  th e  
fo llo w in g  r e s u l t s  (see  ta b le  3*3) •
Table 3*3 Approximate r e l a t i v e  p ro p o r tio n  o f th e  m onosaccharide 
components o f th e  a c id  e x tra c t  (E x trac t-3 )
M onosaccharide Approximate r e la t iv e  molar p ro p o rtio n
fucose 4




g lu cu ro n ic  a c id 2
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An a l te r n a t iv e  method o f s e p a ra t in g  th e  u ro n ic  ac id  from th e  
n e u tra l sugars was a ttem pted  hy p r e c ip i t a t in g  th e  u ro n ic  a c id  as 
barium s a l t ,  but complete s e p a ra t io n  o f  th e  u ro n ic  a c id  could not 
be achieved by th i s  method as paper chromatograms rev ea led  th e  
p resence o f u ron ic  ac id  in  th e  f i l t r a t e  o b ta in ed  a f t e r  trea tm en t w ith  
barium hydroxide.
3 . 7 .4  A lk a li e x tra c t from s e q u e n tia l  e x tra c t io n  (E x tra c ts -4 ,5 ,6 ) 
The ethanol so lu b le  g re e n ish  s o l id  [ ( 5OO mg), e x tra c t  4 
(flow ch a rt 3 .1 , ex p t. 3*35)] was found to  co n ta in  4 ,5 -i^ i^ a tu ra ted  
a c id s , [gem 2.7*5] th e reb y  in d ic a t in g  th e  presence  of degraded 
a lg in ic  a c id . The carbohydrate co n ten t o f t h i s  s o l id  was very  low 
(on ly  4^) and i t  was th e re fo re  d is c a rd e d . The * fucan* (350 mg) 
e x tra c t 5, sep a ra ted  from th e  a lg in ic  a c id  (e x p t. 3*44) was found 
to  have a carbohydrate con ten t o f 68 . 5^  (compared to  a s tan d ard  graph 
of an a r t i f i c i a l  m ixture of 5 :1 :2  = fu co se :x y lo se :g lu c u ro n ic  acid ) , 
a u ro n ic  a c id  content o f 17^ and su lp h a te  con ten t o f 4^* I t  was found 
to  co n ta in  fucose , g a lac to se , mannose, xy lose  and g lucu ron ic  a c id .
The t o t a l  recovery  o f *fucans* from aqueous, a c id  and a lk a l i  
e x tra c t  was 4g, i . e .  9*8^ o f th e  d ry  w eight o f th e  weed.
To o b ta in  a le s s  degraded a lg in ic  a c id  a  f r e s h  sample o f th e  
a lg a  was e x tra c te d  as o u tlin e d  in  e x p t. 3*4*7 and flow  ch art 3*Z.
Two * f  ucans * namely * fu c a n -1 * and *fucan—2* were i s o la te d  and found to  
c o n ta in  th e  same monosaccharide components as th e  * fucans * from 
se q u e n tia l e x tra c ts  o f th e  weed, except th a t  *fu c a n -1 * con tained  g lu co se .
A lg in ic  a c id .
F reeze-d ry in g  o f th e  calcium  a lg in a te  (E x trac t 6) ob ta ined  from 
th e  s e q u e n tia l ly  e x tra c te d  weed gave a  fawn powder [6*9 g  calcium  
a lg in a te ,  14*6^ o f th e  d ry  w eight (as a lg in ic  a c id ) ] .
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The calcium  a lg in a te  was converted  in to  sodium a lg in a te  by way 
of f r e e  a c id  (e x p t. 3-45) • Paper chromatograms o f a hydro ly s a te  of 
th e  sodium a lg in a te  showed th e  p resence  o f u ro n ic  a c id  as w ell as 
la c to n e s . Ionophoresis  o f th e  h y d ro ly sa te  in  a b o ra te  b u ffe r  
c o n ta in in g  calcium  ions (pH 9 .8 ) ,  re v e a le d  th e  p resence  of spo ts  Which
had Mg va lue  s im ila r  to  those  o f a u th e n t ic  mannuronic ac id  and
g u lu ro n ic  a c id  and t h e i r  lac to n es  r e s p e c t iv e ly .
The r e l a t i v e  v is c o s i ty  of a  aqueous s o lu t io n  of th e  sodium 
a lg in a te  (from se q u e n tia l a lk a l i  e x t r a c t , e x p t. 3 . 45) was found to  be
1,6 a t  25°C. This very  low value  in d ic a te s  th a t  th e  a lg in ic  a c id  i s  
c o n s id e ra b ly  degraded . In  view o f o b ta in in g  a le s s  degraded a lg in ic  
a c id , i t  was decided  to  e x tra c t th e  weed d i r e c t l y  w ith  a lk a l i  to
minim ise d eg rad a tio n  of th e  a lg in ic  a c id .  The d e ta i l s  and y ie ld s  of
t h i s  e x tra c t io n  a re  g iven  in  experim ent 3 -4 .7  and flow  ch art 3.2 
(p .68  ) . Two samples o f calcium  a lg in a te s  (a lg in a te -1  and a lg in a te -2 )
were i s o la te d .
A combined o v e ra ll  y ie ld  o f 18. 56^  o f a lg in ic  a c id  was obtained  
compared w ith  14*6^ from th e  p rev ious s e q u e n tia l  e x tra c t io n .  S o lu tions 
o f  1^ sodium a lg in a te  o f th e  two a lg in ic  a c id  (a lg in a te -1  and a lg in a te -2 )  
samples were found to  have v i s c o s i t i e s  a t  25° as fo llow s
A lg in a te  from 0 .1 ^  NaOH and 1^ NaCO  ^ e x tra c t  ( a lg in a te - l )
A lg in a te  from 3^ Na^CO  ^ e x tra c t  (a lg in a te -2 )
^ r e l  -  21
A com parison o f some of th e  y ie ld s  and' v i s c o s i t i e s  o f a lg in ic  
a c id  o b ta in ed  by se q u e n tia l and d i r e c t  a lk a l in e  e x tra c t io n  of 
D ic ty o p te r is  plagiogramma, w ith  th o se  o f th e  a lg in ic  a c id  ob tained  from 
o th e r  brown seaweeds and rep o rted  by e a r l i e r  workers a re  given in  th e  
fo llo w in g  t a b l e .
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Table 3»4 Y ield  and v i s c o s i t i e s  o f  a lg in ic  a c id s  is o la te d  
from d if f e r e n t  brown a lg ae
Name o f th e  brown a lg ae P ercen tage  o f  y ie ld  o f A lg in ic  a c id
d i r e c t
a lk a l in e
e x tra c t io n
S eq u en tia l
e x tra c t io n
V isco s ity  
( ^ re l^
D ic ty o p te r is  plagiogramma 18.6 14.6 48 (1.6)
D esm arestia  l ig u la ta ^ ^ ^ 19 16 300 (1 .7)
D esm arestia  firm a^^^ 23 17 68 ( 1. 5)
D esm arestia acu lea ta^ ^^ 12^ 16^
119H im anthalia  lo re a 16.0
119B ifu rc a r ia  b i f u r c a ta l6 .0
119Padina pavonia 13.0
3» *bAugust c o lle c te d  weed; March c o l le c te d  weed.
F igu res in  p a re n th e s is  in d ic a te  th e  r e l a t i v e  v i s c o s i ty  o f th e  a lg in a te
ob ta ined  by se q u e n tia l e x tra c t io n .
The above ta b le  re v e a ls  th a t  sp ec ie s  o f brown seaweed from d if f e r e n t  
fa m ilie s  and very  d i f f e r e n t  m orphological form a l l  sy n th e s ise  a 
reaso n ab ly  s im ila r  p ro p o rtio n  o f a lg in ic  a c id .  I t  a lso  re v e a ls  th a t  
d r a s t ic  e x t r a c t io n  procedure le ad s  to  a  co n sid e ra b le  d eg rad a tio n  of 
th e  a lg in ic  a c id , r e s u l t in g  in  low p ercen tag e  o f y ie ld  and low v is c o s i ty .
P rev ious workers have in d ic a te d  th a t  th e  v is c o s i ty  o f a lg in ic  ac id  
depends to  some ex ten t on th e  p ro p o rtio n  o f  mannuronic a c id  to  
g u lu ro n ic  a c id  re s id u es  in  th e  a lg in a te .  In  o rd e r to  determ ine th i s  
p ro p o rtio n  a method o f s e q u e n tia l h y d ro ly s is  was used (e x p t. 3*4»8) and 
th e  amount o f u ro n ic  a c id  p re sen t was determ ined  by th e  carbazo le  method.
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In  a l l  cases p a r t  o f th e  m a te r ia l i s  s o lu b i l i s e d  and th e  in so lu b le  
re s id u e  can be f r a c t io n a te d  in to  a mannuronic a c id  r ic h  f r a c t io n  
so lu b le  a t  pH 2.85 (M-blocks) and a g u lu ro n ic  a c id  r ic h  f r a c t io n  
in so lu b le  a t  th a t  pH (G—blocks) . The f r a c t io n s  so lu b le  in  O .4M- 
h y d ro ch lo ric  a c id  co n ta in  roughly  equal amounts o f th e  two u ron ides 
and was a t  f i r s t  thought to  be b u i l t  up o f a l t e r n a t in g  mannuronic and 
g u lu ro n ic  u n i t s  (MG-blocks). L a te r w ork^^^'^^^ in d ic a te d  a more 
random arrangem en t.
The re c o v e r ie s  and c o n s ti tu e n ts  o f th e  u ro n ic  a c id s  o b ta ined  
from th e  d i f f e r e n t  h y d ro ly sa tes  a re  shown in  ta b le  (3*5)
Table 3 «5 The D-mannuronic/h-g u lu ro n ic  (m/ g) r a t i o  o f a lg in ic  
a c id  ob tained  from D ic ty o p te r is  plagiogramma by 
d i r e c t  a lk a l in e  e x tra c tio n
A lg in ic  a c id F lask Number of h y d ro ly s is
Soluble In so lu b le  
m a te r ia l ^  m a te r ia l  ^
O verall 
recovery  ^
1 1 19. 4 ( 36) 80(45.7) 99 .4
• 1 20(47. 5)
A lg in a te -1 2 2 18(40) 58 . 5 (40) 96.5
1 19. 1(44)
3 2 16.0 (49 . 4)
3 9 . 6 (39) 46 . 8 (44) 91.5
The numbers in  th e  p a re n th e s is  a re  th e  pe rcen tag es  o f g u lu ro n ic  ac id  
found in ' th e  re s p e c tiv e  so lu tio n s  o r s o l id s .  1
The p e rcen tag e  o f  th e  so lu b le  m a te ria l i s  based on a ( l : l )  mannuronic; 
g u lu ro n ic  a c id  g raph . (Phenol s u lp h u r ic ) . .The in so lu b le  m a te r ia l 
was weighed a f t e r  fre e z e -d ry in g .
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I t  can  be seen  from th e  ta b le  th  a t  s l i g h t l y  more so lu b le  
m a te r ia l i s  p re se n t in  th e  f i r s t  h y d ro ly sa tes  o f a l l  th e  sam ples.
This d if f e r e n c e  i s  o f te n  co n sid e rab ly  la rg e r  and in d ic a te s  th a t  in  
th e  p re se n t m a te r ia l  a c e r ta in  amount o f d eg rad a tio n  and lo s s  has 
occurred  d u rin g  i s o la t io n ,  in  agreement w ith  th e  r e l a t i v e l y  low 
v is c o s i ty  o f th e  a lg in a te .
Comparison o f  th e  p ro p e r t ie s  o f th e  fucans from th e  d i f f e r e n t  e x tra c ts  
The carbohydrate  c o n ten t, u ro n ic  a c id  co n ten t and su lp h a te  
con ten t o f  th e  fucans from th e  aqueous, a c id  and a lk a l in e  e x tra c ts  
a re  g iv en  in  ta b le  3*6.
Table 3*6 Composition o f th e  d i f f e r e n t  e x tr a c ts  ob ta in ed  by 
s e q u e n tia l e x tra c t io n  o f D. p lag iogram a
E x trac t from
39 g
dry  





a c id ^  
cont ent 
(%) .
su lp h a t e°" 
con ten t
%
S p e c if ic
r o ta t io n
[a ]^ 5
Cold w ater 550 mg 63.3 20 5 .7 - 24.3
(c  = 1.0)
Hot w ater 2.42 " 64 12 5 .6 - 26.5 
(c = 1 .0)
Acid 2.25 ” 66 19.7 3 .9 - 37.9
(c = 1 .0)
A lk a li 350 " 68.5 17 4 - 22.3
(c  = 1 .O)
C a lcu la ted  on th e  b a s is  o f carbohydrate c o n te n t.
I t  ap p ears  from th e  above ta b le  th a t  th e  * fucans * o b ta in ed  from 
th e  d i f f e r e n t  e x tr a c ts  possess s im ila r  c o n s ti tu e n ts  as  f a r  as th e  
carb o h y d ra te , u ro n ic  a c id  and su lp h a te  con ten t i s  concerned.
A com parison o f  th e  m onosaccharide components o f  th e  above 
e x tra c ts  i s  g iven  below in  ta b le  3*7*
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Table 3*7 M onosaccharide components in  th e  h y d ro ly sa te  o f 
d i f f e r e n t  e x tr a c ts
E X T R A C T S
M onosaccharides Cold w ater 
■ . (2A) . .
Hot w ater 
(2B)
D il .  HCl A lk a li
glucose xxxx XXXX t r a c e n i l
fucose xxxx xxxx xxxx xxxx
g a lac to se XX XX XX XX
mannose XX XX XX XX
g lucuron ic  a c id XX XX XX XX
xylose XX XX XX XX
F ra c tio n a tio n  o f e x tra c ts M , (2B) and 3-
F r a c t io n a t io n  o f  th e  p o ly sacch arid es  is o la te d  fpom n a tu r a l  o r ig in  
is  an im portan t p r e r e q u is i te  f o r  t h e i r  s t r u c tu r a l  in v e s t ig a t io n , 
because th e  p o ly sac c h a rid es  i s o la te d  from b io lo g ic a l  m a te r ia ls  are. 
very o f te n  found as m ix tu res o f d if f e r e n t  ty p e s . V arious methods 
a re  adopted f o r  th e  f r a c t io n a t io n ;  among th e  c la s s ic a l  methods 
’f r a c t io n a l ’ p r e c ip i t a t io n  i s  s t i l l  p lay in g  an im portan t r o le .
However, t h i s  method i s  not v e ry  e f f ic ie n t  i f  th e  s o lu b i l i t y  
p ro p e r tie s  o f  th e  components a re  on ly  s l ig h t ly  d i f f e r e n t  o r  i f  on ly  
sm all amounts a re  a v a i la b le .  Even in  cases in  which la r g e r  
d if fe re n c e s  in  s o l u b i l i t y  occur, th e  y ie ld  o f pure f r a c t io n s  i s  
f re q u e n tly  s m a ll.
The p r e c ip i t a t in g  ag en ts  f o r  p o lysaccharides can be c l a s s i f i e d  b ro ad ly  
in to  th re e  c a te g o r ie s  namely (a) organ ic  so lv en ts  (b) a  s e r ie s  o f complexing 
m etals such as copper s a l t s ,  barium  hydroxide e tc .  and (c) d e te rg en t 
c a tio n s , such a s  cetyltrim ethylam m onium  bromide (Ce tr im id e )  ,
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ce ty lp y rid in iu m  c h lo r id e  (cpc) and hyamine.
The p r in c ip le s  used fo r  f r a c t io n a l  p r e c ip i ta t io n s  has been 
ap p lied  in  a  column p rocedure , where columns a re  p rep ared  from in e r t  
porus m a te r ia ls ,  such as c e l lu lo s e  powder.
One o f th e  s ig n i f ic a n t  advances in  th e  f r a c t io n a t io n  o f  po ly ­
sacch arid es  i s  th e  in tro d u c tio n  o f c e llu lo se  ion  exchanger fo r  
column chrom atography, e s p e c ia l ly  s u ite d  fo r  th e  f r a c t io n a t io n  o f 
w ater so lu b le  h ig h  m olecu lar weight su b stan ces . C e llu lo se  io n  
exchanger such a s  DEAE (d ie th y la m in o e th y l)-c e llu lo se  can be used
advantageously  f o r  th e  f r a c t io n a t io n  of a c id ic  as w ell as n e u tra l  
201p o ly sa c c h a r id e s . A cid ic  po ly sacch arid es  a re  r e a d i ly  adsorbed
on th e  D EA E-cellulose columns a t  pH values n e a re r  6 and a re  e lu te d , 
depending on t h e i r  con ten t o f a c id ic  groups, (a) by in c re a s in g  th e  
b u ffe r  c o n c e n tra tio n  a t  th e  same pH (on ly  fo r  weakly a c id ic  
p o ly sacch arid es) , (b) by a lk a l in e  so lu tio n  o f in c re a s in g  s t re n g th ,
(c) by a c id ic  s o lu t io n s  o f in c re a s in g  s tre n g th . N eu tra l p o ly ­
sacch arid es  a re  u s u a l ly  not o r only  weakly re ta in e d  on th e  column a t  
pH 5-6 ; th e y  a r e  however adsorbed when th e  column i s  brought to  a 
b asic  c o n d itio n .
The a d so rp tio n  o f p o ly sacch arid es  on DEAE-cellulose i s  s tro n g ly  
in flu en ced  by th e  s t r u c tu r e  o f th e  po lysaccharides to  be f r a c t io n a te d ,  
however th e  a d so rp tio n  on DEAE-cellulose i s  g e n e ra lly  enhanced w ith  
in c re a s in g  amounts o f a c id ic  groups in  th e  po ly sacch arid e  m olecu les.
In  a homologous s e r ie s  o f l in e a r  p o ly sacch arid es , th e  low er m olecu lar 
weight m a te r ia l  i s  h e ld  le s s  f irm ly  th an  th e  h ig h e r m olecu lar-w eigh t 
m a te r ia l .
Among o th e r  f r a c t io n a t io n  methods gel f i l t r a t i o n  on Sephadex 
and Sepharose c o lu m n ,fra c tio n a tio n  by u l t r a f i l t r a t i o n  and by 
e le c tro p h o re s is  a r e  a ls o  im p o rtan t.
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Most r e c e n t ly  h ig h  p re s su re  l iq u id  chromatography i s  a ls o  b e in g  
used fo r  th e  f r a c t io n a t io n  ; ~ , o f . po ly saccharide  m ix tu re s .
By t h i s  method p o ly sacch a rid e  m ix tu res can be sep a ra ted  acco rd in g  
to  t h e i r  m o lecu lar w eight and an id ea  about th e  m olecular w eight o f 
each p o ly sacch arid e  component p re se n t in  th e  m ixture can be o b ta in e d  
by c o r r e la t in g  th e  r e te n t io n  tim e o f th e  po lysaccharides w ith  th e  
r e te n t io n  tim e o f th e  p o ly sacch a rid e  m ixtures o f known m olecu lar 
w eights ( s ta n d a rd ) . By use  o f a  p re p a ra tiv e  HPLC, q u a n t i ta t iv e  
se p a ra tio n  o f th e  d i f f e r e n t  p o ly sacch arid es  p resen t in  th e  m ix tu re  
is  a lso  p o s s ib le .
3 . 7 .5  In v e s t ig a t io n  o f aqueous e x tra c ts  by high p re s su re  
l iq u id  chrom atography
The e x tr a c ts  (2A and 2B) were su b jec ted  to  h ig h  p re s su re  
l iq u id  chrom atographic (hPLC) in v e s t ig a t io n  fo r  th e  purpose o f 
s e p a ra tin g  th e  in d iv id u a l p o ly sacch a rid e  components from th e  m ix tu re  
(ex p t. 3 . 5 . 1) .  The chromatograms rev ea led  th a t  both  th e  e x tr a c ts  
2A and 2B a re  id e n t i c a l ,  bo th  b e in g  comprised o f two* d i f f e r e n t  
p o ly saccharide  components. When compared w ith  th e  peaks o f 
p o ly sacch arid es  o f known m olecu lar w eight (standard) i t  was re v e a le d  
th a t bo th  th e  co ld  and ho t aqueous e x tra c ts  (2A and 2B) a re  b u i l t  o f 
p o ly sacch arid es  o f two d i f f e r e n t  m olecular w eigh ts, one hav ing  
m olecular w eight in  th e  range o f  25,000 -  40,000 and th e  o th e r  between 
3,500 and 4,000 ( f i g .  3 . 2) .
3 . 7 .6  F ra c t io n a tio n  o f th e  aqueous e x tra c ts  on BE-52 c e l lu lo s e  
column
Prev ious studies^^^*^^^*^^^ on o th e r brown seaweeds have
shown th a t  th e  aqueous e x tr a c ts  a re  a  m ixture o f lam inaran, a (1 —^ 3) —
lin k ed  g lucan  and a fam ily  o f p o ly d isp e rse -h e te ro fu c a n s , and th a t
f r a c t io n a t io n  can be ach ieved  on columns o f BE-52 c e llu lo se  by  e lu t io n
w ith  w a ter fo llow ed by in c re a s in g  co n ce n tra tio n  o f aqueous po tassium  















Samples of th e  aqueous e x tr a c ts  were th e re fo re  a p p lie d  to  DE-52 
c e llu lo se  columns (e x p t. 3*5*2) and th e  fo llow ing  se p a ra tio n s  were 
achieved f o r  th e  e x tr a c ts  (2À and 2B) (see ta b le s  3.8. and 3 -9 ) • .
Table 3 .8  F ra c t io n a t io n  o f  (2A) on DE-32 column 
Weight o f th e  p o ly sacch a rid e  a p p lie d  to  th e  column = 206 mg











Water 28 .5 87.4^ n i l n i l
0 . 1M-KC1 4 .8 60% 22.8 3 .6
0.2M-KC1 21.65 62% 22 3 .8
0.3M-KC1 21.45 67.2% 13.6 7 .6
0.5|-KG1 4 .2 52.4% 9.3 8 .2
0.8M-KC1 2 .9 43.3% 8.7 not determ ined
M-KCl 3.3 16.7 not d e te r 
mined
not determ ined
T otal recovery , 86 .8^; S p e c if ic  r o ta t io n  o f th e  aqueous f r a c t io n
r  -|25° = -1 0 .2 4 °  (c = 0.41) .LocJd
■ ^ carbohydrate co n ten t based  on a s tan d ard  glucose graph
carbohydrate  co n ten t based  on a  s tan d a rd  graph o f an  a r t i f i c i a l
m ixture o f fucos e : g a la c to s e  :mannose :xy lose  : g lucu ron ic  a c id  = 
(5 :1 :1 :1 :2 )  g raph .
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T able 3 »9 F ra c tio n a tio n  o f  (2B) on BE-52 column.
Weight o f th e  p o ly sac c h a rid e  ap p lied  to  th e  column = 507 mg,
F ra c tio n Recovery C arbohydrat e cont ent
i f )






Water 36 84 . 5°' n i l n i l
0.1M-KC1 2.1 55% 16.5 not
determ ined
0.2M-KC1 15.4 66% 16.0 4.1
0.3M-KC1 20.9 73 . 1% 12 7 .4
0.5M-KC1 7.3 4 4 . 5^ 10 8.5
0 . 8M-KC1 3.5 46 . 2% 7.5 not
determ ined




T o tal reco v ery  8 7 s p e c i f i c  r o ta t io n  o f th e  aqueous f r a c t io n
r„-i25° = - 1 1 .3 °  0 = 0 . 2 3LaJj,
^ carbohydrate  con ten t based  on a  s tan d a rd  glucose graph
^ carbohydrate  con ten t based  on a  s tan d a rd  graph o f an a r t i f i c i a l  
m ix ture  o f  f  ucos e : g a la c t o se : manno s e : xylo s e : g lucuron i c a c id  =
(5 :1 :1 :1 :2 )  graph.
The p ro p e r tie s  o f th e  d i f f e r e n t  f r a c t io n s  o f (2a) and (2B) re v e a l 
a co n sid e rab le  s im i la r i ty  betw een th e  two e x tr a c ts .  The aqueous 
f r a c t io n s  o f both  th e  e x tr a c ts  were devoid o f u ron ic  a c id  and su lp h a te  
in d ic a t in g  th a t  t h i s  i s  a  n e u tr a l  p o ly sacch a rid e . For both  th e  
e x tra c ts  0.2M- and 0.3M-KC1 e lu te d  th e  m ajor a c id ic  po lysaccharide  
f r a c t io n s .  The su lp h a te  c o n te n ts  o f th e se  major f r a c t io n s  a re  a lso
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very  s im i la r .  In  both  th e  e x t r a c t s ,  f r a c t io n s  w ith  h ig h er u ron ic  
a c id  con ten t have lower su lp h a te  co n ten t and v ic e  v e rs a . The 
su lp h a te  con ten t of 0.1M-, 0.8M— and M-KCl f r a c t io n s  were not 
determ ined due to  th e  sm all p e rcen tag e  o f recovery  in  th e se  f r a c t io n s .
From th e  above f r a c t io n a t io n  r e s u l t s  i t  appears th a t  th e  ad so rp tio n  
o f th e  po ly sacch arid e  on DE-52 c e l lu lo s e  column i s  s tro n g ly  in flu en ced  
by th e  u ro n ic  ac id  and su lp h a te  p re se n t in  th e se  p o ly sacch arid es . 
Although th e  ad so rp tio n  on DE-52 c e l lu lo s e  i s  enhanced w ith  in c re a s in g  
amounts o f a c id ic  groups in  th e  p o ly sacch arid e  m olecules, t h i s  i s  not 
t ru e  in  a l l  c a se s . In  th e  p re se n t f r a c t io n a t io n  s tu d ie s , id e a l ly  
one should  have expected f r a c t io n s  w ith  h ig h e r u ro n ic  a c id  and 
su lp h a te  co n ten ts  to  be e lu te d  w ith  th e  e lu an t o f h ig h e r c o n cen tra tio n , 
but t h i s  was not th e  c ase . From th e  above ta b le s  i t  can be seen 
t h a t ,  a lthough  in c re a s in g  c o n c e n tra tio n  o f e lu an t e lu te d  f r a c t io n s  
w ith  in c re a s in g  percen tages o f su lp h a te  c o n ten t, th e  percen tage o f 
u ro n ic  a c id  in  th e se  f r a c t io n s  were not in  in c re a s in g  o rd e r. O ther 
w orkers a lso  re p o rte d  s im ila r  r e s u l t s  on th e  f r a c t io n a t io n  o f fucans
161from o th e r  seaweeds. This a p p a re n tly  anomalous behaviour o f th e
fucans can be exp lained  in  two ways, e i th e r  ( 1) th e  su lp h a te  groups
p re sen t in  th e se  m olecules c o n tr ib u te  more tow ards th e  a c id i ty  of th e
p o ly sacch arid es  o r (2) th e  u ro n ic  a c id  r ic h  f r a c t io n  o f th e
p o ly sacch arid e  e lu te d  w ith  e lu an t o f  low co n ce n tra tio n  possesses low
m olecu lar w eigh t, because th e  a d so rp tio n  on DE-52 colunm depends
not on ly  on th e  a c id i ty  bu t a ls o  on th e  s iz e  o f th e  m olecule.
I t  has a lre a d y  been s ta te d  th a t  in  a homologous s e r ie s  o f l in e a r
p o ly sac c h a rid e s , th e  lower m o lecu lar w eight m a te r ia ls  i s  h e ld  le s s
f irm ly  th a n  th e  h ig h e r m olecu lar w eight ma t e r i a l . ^ ^  Furtherm ore,
i t  can be mentioned th a t  th e  shape o f th e  po ly sacch arid e  m olecules
a lso  in flu e n c e s  ad so rp tio n , f o r  example, in  f r a c t io n a t io n  o f so lu b le
s ta r c h  and d e x tra n s , th e  l in e a r  components were re ta in e d  more s tro n g ly
^  201th an  th e  branched components.
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3 . 7 .7  F ra c tio n a tio n  o f th e  aqueous e lu a te  from th e  DE-52 coliimn
H ydrolysis of th e  aqueous e lu a te  and in v e s t ig a t io n  o f th e
hydro ly s a te  hy paper chromatography re v e a le d  th e  presence o f glucose
and a f a in t  spot o f a non-reducing  sa c c h a rid e , p o ss ib ly  due to
m an n ito l. A p o rtio n  o f th e  h y d ro ly sa te  was reduced and th e  product
converted  in to  TMS d e r iv a t iv e s . G . l .c .  a n a ly s is  o f th e  derived
TM S-aldito ls rev ea led  th e  presence  o f g lu c i to l  and m annito l, th e reb y
confirm ing  th e  conclusion made by paper chrom atography. An a liq u o t
of th e  hydro ly s a te  was t r e a te d  w ith  g lu co se  oxidase  to  convert th e
g lucose  in to  g luconic a c id . Paper chromè\atogram of th e  derived
s o lu t io n  was compared w ith  th e  chromatogram o f a m ixture o f g lucose :
m annito l ( 30: 1) which had a lso  been t r e a te d  w ith  glucose o x idase .
The two m ix tures revealed  id e n t ic a l  chromatograms confirm ing th e
139presence  o f m annitol in  th e  g lu can . I t  has been re p o rte d  th a t  
th e  G— and M-chains o f lam inaran can be se p a ra te d  in  an undegraded 
form by f r a c t io n a t io n  on a DEAE-Sephadex-molybdate column by e lu tin g  
th e  form er w ith  w ater and th e  l a t t e r  w ith  0.25M-sodium ch lo rid e  
s o lu t io n .  A ll a ttem pts to  s e p a ra te  th e  M -chains from G—chains 
o f th e  p re se n t lam inaran on a DEAE-Sephadex molybdate column proved 
u n s u c c e s s fu l . .  Although two f r a c t io n s  were obiained ( ta b le  3.10 
and f i g .  3 .3) th ey  each proved to  be m ix tu res  o f th e  two types o f 
c h a in s •
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3 .7 -7  F ra c tio n a tio n  o f th e  aqueous e lu a te  from th e  DE-52 column
H ydrolysis of th e  aqueous e lu a te  and in v e s t ig a t io n  of th e
h y d ro ly sa te  hy paper chromatography re v e a le d  th e  presence o f glucose
and a f a in t  spot o f a non-reducing  s a c c h a r id e , p o ss ib ly  due to
m an n ito l. A p o rtio n  of th e  h y d ro ly sa te  was reduced and th e  product
converted  in to  TMS d e r iv a t iv e s . G . l .c .  a n a ly s is  o f th e  derived
T M S-aldito ls rev ea led  th e  presence  o f g lu c i to l  and m annito l, th e reb y
confirm ing  th e  conclusion made by p aper chrom atography. An a liq u o t
o f th e  hydro ly s a te  was t r e a te d  w ith  g lu co se  ox idase  to  convert th e
g lucose  in to  g luconic a c id . Paper chrcm,\atogram of th e  derived
s o lu t io n  was compared w ith  th e  chromatogram o f a m ixture o f g lucose;
m annito l ( 30: 1) which had a lso  been t r e a te d  w ith  glucose ox idase .
The two m ix tures revealed  id e n t ic a l  chromatograms confirm ing th e
139presence  o f m annitol in  th e  g lu can . I t  has been re p o rte d  th a t  
th e  G— and M-chains o f lam inaran can be se p a ra te d  in  an undegraded 
form by f r a c t io n a t io n  on a DEAE-Sephadex—molybdate column by e lu t in g  
th e  form er w ith  w ater and th e  l a t t e r  w ith  0.25M-sodium ch lo rid e  
s o lu t io n .  A ll a ttem pts to  s e p a ra te  th e  M -chains from G-chains 
o f th e  p re se n t lam inaran on a DEAE-S ephadex molybdate column proved 
u n s u c c e ss fu l. .  Although two f r a c t io n s  were obiained ( ta b le  3-10 
and f i g .  3-3) th ey  each proved to  be m ix tu res  o f th e  two types o f 
c h a in s .
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Absorbance a t  48? nni





Table 3 «10 F ra c tio n a tio n  o f aqiieo-us e lu a te  on DEAE-Sephadex- 
m olybdate column .
Weight o f th e  p o ly sacch arid e  a p p lie d  to  th e  column = 75.6 mg




23 .4 27.3 50 .7 68
A ll th e  o th e r f r a c t io n s  from DE-52 columns were a lso  hydrolysed 
and examined by paper chrom atography. The m onosaccharide components 
o f th e  d i f f e r e n t  f r a c t io n s  o f bo th  th e  e x tr a c ts  (2a) and (2B) appeared 
to  be i d e n t i c a l .  The monosaccharide components id e n t i f ie d  in  th e  
d i f f e r e n t  f r a c t io n s ^ o f  both  th e  e x tr a c ts  a re  shown in  ta b le  3 .1 1 .
Table 3.11 M onosaccharide components o f  th e  hydro ly s a te s  o f e x tra c ts  
(2A and 2E)
Monosaccharide F ra c tio n s
Components W ater M-KCl
0.1 0 .2 0 .3 0 .5 0 .8 1.0
Fucose - xzzxx xxxx xxxx xxxx xxxx xxxx
G lucose xxxx - - - - - -
G a la c to se - XX XX XX XX XX XX
Mannose - XX XX XX XX XX XX
X ylose - X X ! X X X X
G lu cu ro n ic  a c id  
M an n ito l X
XX XX , XX XX X X
xxxx in d ic a te s  major component (by v is u a l  comparison)
X in d ic a te s  minor component (by v is u a l  comparison) .
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The m a jo r f r a c t io n s  o f  b o th  e x t r a c t s  w ere a ls o  in v e s t ig a te d  
by g . l . c .  a f t e r  c o n v e r tin g  th e  components in to  T M S -a ld ito ls .
The g . l . c .  r e s u l t s  confirm ed th e  i d e n t i f i c a t i o n  o f  th e  m onosaccharides 
made by  p a p e r  chrom atography.
The aqueous a n d  0.3M-KC1 f r a c t io n s  o f  (2A) and  (2B) s e p a ra te d  
on th e  I)E-52 column were in v e s t ig a te d  s e p a r a t e ly  by  HPLC. The 
aqueous f r a c t i o n s  o f  b o th  th e  e x t r a c t s  gave s in g le  peaks in  th e  
r e l a t i v e l y  low m o lecu la r w eigh t range  o f  3 ,5 0 0  -  4 ,000  w h ile  th e
0.3M-KC1 f r a c t io n s  o f  b o th  th e  e x t r a c t s  a g a in  gave s in g le  peaks w ith  
m o le c u la r  w eigh t ra n g in g  from 25,000 -  40 ,000 (fig.2,l(.ci,3 (j-b) These 
r e s u l t s  a r e  in  agreem ent w ith  th e  HPLC r e s u l t s  o f  th e s e  e x t r a c t s  
b e fo re  f r a c t i o n a t i o n  when two peaks w ere o b ta in e d .
A liq u o ts  o f  th e  a c id  e x t r a c t  (E x tra c t-3 )  w ere a l s o  f r a c t io n a te d  
on DE—52  c e l lu lo s e  column, w hich re v e a le d  a  s im i la r  f r a c t i o n a t io n  
p a t t e r n ,  th e  o n ly  d if f e r e n c e  was th a t  th e  aqueous f r a c t i o n  was devoid  
o f  an y  c a rb o h y d ra te .  The d i f f e r e n t  KCl f r a c t i o n s ,  when examined 
by  p a p e r  chrom atography a f t e r  h y d ro ly s is  re v e a le d  th e  p re se n c e  o f  
s im i la r  m onosaccharide  components as  found in  th e  KCl f r a c t io n s  o f  
th e  aqueous e x t r a c t s  (2A) and (2B) .
3 . 7 . 8  A ttem pted  f r a c t io n a t io n  o f  th e  h o t aqueous e x t r a c t  (2B) 
w ith  hyam ine-1622
Q u ate rn a ry  ammonium s a l t s  a r e  e f f e c t i v e l y  employed 
in  t h e  f r a c t i o n a t i o n  o f p o ly s a c c h a r id e  m ix tu re s .  As th e  f r a c t io n a t io n  
o f  th e  p o ly s a c c h a r id e s  (E x tra c t 2A, 2B and 3) on DE-52 c e l lu lo s e  
column f a i l e d  to  p roduce any  homogeneous f r a c t i o n s  o f  fu c a n s , except 
s e p a r a t io n  o f  a  g lu c an  from th e  a c id ic  fu c o se  c o n ta in in g  p o ly s a c c h a r id e , 
an  a t te m p t was u n d e rta k en  to  f r a c t i o n a t e  th e  above e x t r a c t  w ith  hyam ine- 
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in  o rd e r  to  o b ta in  a po ly scch arid e  co n ta in in g  on ly  fucose  as th e  
m onosaccharide u n i t .  Although d if f e r e n t  q u a te rn a ry  ammonium 
ions a re  used f o r  th e  f r a c t io n a t io n  of p o ly sacch arid e  m ix tures th e  
use o f  hyamine fo r  th i s  purpose has not been re p o r te d  b e fo re . I t  
was hoped th a t  th e  q u a tern ary  ammonia io n  o f hyamine w i l l
form an in s o lu b le  complex w ith  th e  a c id ic  p o ly sacch a rid e  o f th e  
e x tra c t  th e re b y  p ro v id in g  homogeneous p o ly sacch arid e  f r a c t io n s .
The f r a c t io n a t io n  was c a r r ie d  out accord ing  to  th e  fo llo w in g  flow  
c h a r t .
Flow c h a r t  3 .3
P o lysaccharide  (lg )
1. D isso lved  in  H^ O (lOO ml)
2 . Added 15^ aqueous hyamine so lu tio n  
10 m l. (w/v)
3. S t i r r e d  a t  25°C, 20h.
4» F i l t e r e d .
---------- ► F i l t r a t e  I  (washed w ith  CHCl^)
. ■ ' T ested  fo r  carbohydrate  (+ ve) 
F re e z e -d r ie d  (l13  mg). 
P r e c ip i ta te
1. S t i r r e d  w ith  EtOH, 250 ml, 20 h .
2 . C en trifu g ed .
 ---- ► Sup e rn a t an t
1. C oncentrated  to  dryness
P r e c ip i ta te  2 . D isso lved  in  EgO
3 . T ested  fo r  carbohydrate 
(-ve)' d isca rd e d .
1. S t i r r e d  w ith  EtOH, 250 ml, 20 h .
2. C en trifuged
---------- ► S u p ern a tan t. (-ve  carbohydrate)
d isca rd ed
co n tin u ed
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P r e c ip i ta te
1 . Added w a ter (200 ml)
2 . Washed w ith  CHCl^
CHGl  ^ f r a c t io n  (d iscarded)
Aqueous f r a c t io n
1. F i l t e r e d  on g la s s  f ib r e  paper 
 ► F i l t r a t e  I I  ( f re e z e -d r ie d )
41 mg (w ater so lu b le  
p o ly sacch arid e)
P r e c ip i ta te
(f re e z e -d rie d )
495 mg (w ater in so lu b le  complex)
Exam ination o f  th e  d i f f e r e n t  f r a c t io n s
F i l t r a t e—I  The hyamine was removed from t h i s  f r a c t io n  by e x tra c t in g  
sev e ra l tim es w ith  ch loroform . The aqueous la y e r  was th e n  reduced 
to  sm a lle r  volume and f r e e z e -d r ie d , t o t a l  y ie ld  113 mg. Paper 
chrom atographic exam ination o f th e  hy d ro ly sa te  o f t h i s  f r a c t io n  
rev ea led  g lu co se  as th e  m ajor monosaccharide a lo n g  w ith  a  f a in t  spo t 
co rresponding  to  m an n ito l. This corresponds th e re fo re  to  th e  g lucan 
sep a ra ted  and c h a ra c te r is e d  from (2B) on DE-52 c e l lu lo s e  column (page 101 )<
F i l t r a t e - I I  — and f in a l  p r e c ip i ta te
I t  ap pears  from th e  flow  c h a rt 3 «2 th a t  s e v e ra l tre a tm e n ts  o f 
the  p r e c ip i t a t e  w ith  EtOH and CHCl^ to  remove th e  hyamine f a i l e d  to  
produce a  p r e c ip i t a t e  so lu b le  in  w ater, th e reb y  in d ic a t in g  th a t  
complete removal o f  th e  hyamine from th e  p o ly sacch arid e  complex was not 
ach ieved . As th e  carbohydrate  con ten t o f th e  w ater in so lu b le  f r a c t io n
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(p r e c ip i ta te )  cou ld  not be measured due to  i t s  i n s o lu b i l i t y  -  in  
w ater, t h i s  was determ ined  a f t e r  h y d ro ly s is . The p ro p e r t ie s  o f 
the  d i f f e r e n t  f r a c t io n s  a re  g iven  in  ta b le  3 .1 2 .
Table 3.12 P ro p e r t ie s  o f th e  d i f f e r e n t  f r a c t io n s  o f hyamine 
f r a c t io n a te d  p o ly sacch arid e  (2B); (SO^ 5 .
F ra c tio n Weightmg
Carbohydrat e^ 
cent ent ( ^
Uronic a c id  
con ten t ( ^
Su lphate
co n ten t
F i l t r a t e - I 113 90 not d e te r ­
mined
not d e t e r -  
mined
F i l t r a t e - I I 41 78 9 .8 3 .3
P r e c ip i ta te 499 60* not d e te r ­
mined
2.15
by phenol su lp h u r ic  a c id  method.
^ carb azo le  method
carbohydrate  co n ten t o f th e  h y d ro ly sa te .
The c o n s t i tu e n t  m onosaccharides o f th e  d if f e r e n t  f r a c t io n s  and 
th e i r  r e l a t iv e  p ro p o rtio n s  a re  p resen ted  in  ta b le  3 .1 3 .
Table 3.13 M onosaccharide components o f th e  d i f f e r e n t  f r a c t io n s  
and t h e i r  approxim ate molar r e l a t iv e  p ro p o r tio n
P rac t ion M onosaccharide components Approximate m olar p ro p o r tio n s
F i l t r a t e - I  
F i l t r a t e - I I
P r e c ip i ta te
g lu c o se :m annito1
fu c o se :x y lo se :g a la c to se : 
m annose:glucuronic ac id
fu c o se :x y lo se :g a la c to se : 
g lu cu ro n ic  a c id
70:1
4 . 2 :1: 1. 2 :0 . 9 :2.2 
8 : 1:5:2
110
In  analogy  w ith  p rev ious f r a c t io n a t io n  methods (DE-52 
c e llu lo se  column, page lO^) f r a c t io n a t io n  of th e  *fucan* hy hyamine 
p re c ip i ta t io n  a ls o  f a i l e d  to  produce a homopolymer, i t  can however he 
mentioned h ere  t h a t  c o n tro v e rs ia l  opinion about th e  s t r u c tu r e  o f 
"fucan* s t i l l  e x is t s  among th e  d if f e r e n t  groups working in  t h i s  
f i e l d .  A lthough i t  has been known fo r  65 years th a t  fu co se—
119co n ta in in g  p o ly sac c h a rid e s  a re  p re sen t in  many brown a lg ae  and
on th e  b a s is  o f  d e ta i le d  s t r u c tu r a l  work"' " c a r r ie d  out on a
su lphated  fucan  o b ta in e d  from a s in g le  sp ec ies  ( E u c u s  v e s ic u lo su s)  ,
i t  has become w id e ly  accep ted  th a t  th e  fucose in  o th e r sp e c ie s  a re
p resen t as homopolymers o f th e  same type and th e  re s id u es  o f  xy lo se
uron ic  a c id , g a la c to s e  and mannose which have been d e te c te d  in  th e
fucan p re p a ra t io n s  were regarded  as im p u r itie s . More re c e n t 
210s tu d ie s  on th e  b a s is  o f exam ination of a wide range o f  brown 
a lgae  have claim ed th a t  x y lose  and a number o f o th e r sugars  b e s id e s  
fucose must be reg a rd ed  as normal s t r u c tu r a l  u n its  o f fu c a n s .
In  c o n tra s t  to  th e  f r a c t io n a t io n  on DE-52 c e llu lo se  th e  
hyamine method s e p a ra te d  a l l  th e  mannose con ta in in g  fucan  in  th e  
f i l t r a t e  I I ,  a lth o u g h  i t  i s  c le a r  th a t  a considerab le  p ro p o r tio n  o f 
th e  carbohydrate  (3 3 ^  was lo s t  in  th e  f r a c t io n a t io n .
3 . 7 .9 F ra c t io n a t io n  o f  E x tra c t-3  (Pucan-A) by *Cetrimide* 
p r e c ip i t a t io n
As th e  a ttem p ts  to  e s ta b l is h  th e  homogeneity o f  * fucan* 
by d i f f e r e n t  m ethods, namely f r a c t io n a t io n  on DE-52 c e l lu lo s e  
column and hyamine p r e c ip i ta t io n  gave no w e ll-d e fin ed  f r a c t io n s  
and a p ro p o r tio n  o f  th e  m a te r ia l was lo s t  during  th e  f r a c t io n a t io n s ,  
ano ther a ttem pt was undertaken  to  .f r a c t io n a te  th e  * fucan* in to  
homopolymers by form ing a complex w ith  hexadecy ltrim ethy l ammonium 
bromide (C etrim ide) •
I l l
202 203I t  i s  w ell known * th a t  d e te rg en t c a tio n s , such as 
h ex ad ecy ltrim eth y l ammonium, form s a l t s  w ith  polyanions which 
a re  very  in so lu b le  in  w a te r , H eu tra l po lysaccharides capable 
of form ing complexes w ith  b o ra te  ions can however re a c t w ith  
’Cetrim ide* i f  p re sen t as b o ra te  complex. In  th e  absence o f 
th e  b o ra te  complex o f n e u tra l  p o ly sacch arid es  a c id ic  p o ly sacch arid es  
a re  th e re fo re  e a s i ly  s e p a ra te d  from n e u tra l  po lysaccharides by 
p r e c ip i ta t in g  them d i r e c t ly  w ith  ’ Cetrimide* in  a c id ic , n e u tra l  
o r m ild ly  a lk a l in e  s o lu t io n .
A sm all c o n c e n tra tio n  (0 .02  M -  o r le s s )  o f sodium su lp h a te
is  added to  th e  c e tr im id e  s o lu t io n  in  o rder to  in c rease  th e  r a t e
o f ag g reg a tio n  o f th e  p r e c ip i t a t e .  E le c tro ly te s  o th e r th a n  th e
added sodium su lp h a te  should  be kept to  th e  minimum to  avo id  th e
p o s s i b i l i t y  o f r e d is s o lv in g  th e  p r e c i p i t a t e s .  The p r e c ip i ta te ,
204-a re  so lu b le  in  some o rg an ic  so lv e n ts  and in  s a l t  s o lu t io n s .
The d i f f e r e n t  f r a c t io n s  o f  th e  ’fucan* re s u l t in g  from t h i s  
f r a c t io n a t io n  a re  shown in  th e  fo llo w in g  flow  c h a r t .
Plow ch art 3»4
Pucan-A ( l - 5  s)  (E x trac t-3 )
1. d isso lv ed  in  0 .02 M-Ha_SO
s o lu tio n  (30 ml) “ ^
2 . slow ly added 5^ (w/v) aqueous .
’ Cetrimide* so lu tio n  (30 ml)
under constan t s t i r r i n g  a t  25°C,
3 . f i l t e r e d  through nylon c lo th .
^  f i l t r a t e-A
1. shaken w ith  B iodem in ro lit 
t i l l  n e u tra lT
P r e c ip i ta te  2 . concen tra ted
(C etrim ide complex) 3  ^ f re e z e -d r ie d  ( 38. Img)
c o n tin u e d
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1. d isso lv ed  in  4M-KC1 (50 ml)
2 . r e p re c ip i ta te d  w ith  EtOH ( 25O ml)
3 . f i l t e r e d
P r e c ip i t a t e
P roduct-1 (P -l)  
665 mg
• f i l t r a t e-B
1. te s te d  fo r  carbohydrate  (+ve)
2 . reduced to  sm all volume (20 ml)
3 . r e p re c ip i ta te d  w ith  EtOH 
(100 ml)
4« f i l t e r e d
—► f i l t r a t  e-C
(-ve)carbohydra te
P r e c ip i ta te  (P-2)
Product-2  
(66 mg)
Although th re e  d i f f e r e n t  f r a c t io n s  as shown in  th e  flow  c h a r t
were o b ta in ed , except th e  con tam in atin g  glucan ( f i l t r a t e-A) , each
f r a c t io n  was found to  c o n ta in  th e  same monosaccharide components.
The carbohydrate c o n ten t, u ro n ic  a c id  c o n ten t, su lp h ate  con ten t and
n itro g e n  content o f a l l  th e  f r a c t io n s  were determ ined. The
p ro p e r tie s  of th e  d i f f e r e n t  f r a c t io n s  a re  given in  ta b le  3«14*
From th e  ta b le  i t  i s  ev id en t th a t  a  f r a c t io n a t io n  o f th e
*fucan-A* co n ta in in g  fucose  as th e  on ly  monosaccharide u n it  was not
ach ieved . The m a te r ia l which complexed w ith  ’Cetrimide* c lo s e ly
resem bled th e  s t a r t in g  m a te r ia l .  A sm all p ro p o rtio n  which rem ained
in  s o lu tio n  was proved to  be a  g lucan  w ith  m annitol as th e  minor
c o n s ti tu e n t ( p . c . ) . F u r th e r  d is s o lu t io n  o f th e  p re c ip i ta te
in  potassium  ch lo rid e  (4M”) and r e p r e c ip i ta t io n  w ith  ethanol r e s u l te d
in  product-1  (P -l) and p ro d u c t-2  (P-2) (see  flow  ch art 3-4) •
The product-1  and p roduct—2 were found to  co n ta in  s im ila r
m onosaccharide u n i t s .  One o f th e  m ajor d iffe re n c e s  between 
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u ro n ic  a c id  con ten t in  th e  l a t t e r .  This p robab ly  re p re se n ts  
th e  extreme o f th i s  fam ily  o f  p o ly d isp e rse  m olecu les. The high 
n itro g e n  con ten t o f p roduct-2  in d ic a te s  th a t  a consid erab le  amount 
o f C etrim ide i s  s t i l l  p re sen t in  t h i s  f r a c t io n  d e sp ite  repeated  
d is s o lu t io n  and p re c ip i ta t io n  to  remove th e  C etrim ide. The 
lo s s  o f about 50^  by weight o f  th e  s t a r t i n g  m a te r ia l by th i s  
f r a c t io n a t io n  method i s  d i f f i c u l t  to  ex p la in ; however repeated  
d is s o lu t io n  and p r e c ip i ta t io n  i s  n e ce ssa ry  to  remove a l l  th e  
ce tr im id e  from th e  p o ly sacch arid e  and t h i s  could account a t  le a s t  
in  p a r t  fo r  th e  lo s s .
A ll th e se  methods in d ic a te  a fam ily  o f p o ly d isp e rse  
h e te ro p o ly sacch a rid e s  w ith a h ig h e r u ro n ic  a c id  a t one extreme of 
th e  fa m ily . This i s  in  keep ing  w ith  th e  f r a c t io n a t io n  s tu d ie s  of 
fucans from o th e r brown seaw eeds.
3 . 7.10 F ra c tio n a tio n  o f th e  e x tra c t-3  (Pucan-A) by
tr im e th y ls i ly la te d  g la ss  f ib r e  paper (TCFP) e le c tro p h o re s is
I t  has been s ta te d  th a t  many p o ly sacch arid es  which were
d esig n a ted  as homogeneous on th e  b a s is  o f d i f f e r e n t  f r a c t io n a t io n
s tu d ie s ,  can be sep a ra ted  in to  two o r more components when examined
211by g la s s  f ib r e  paper e le c tro p h o re s is .  The advantage of u sing
th e  g la ss  f ib r e  paper r a th e r  th a n  r c e l lu lo s e  paper i s  th a t  complexes
212between th e  p o lysaccharide  and th e  f ib r e  a re  avoided and any 
p o ly sacch arid e  can be d e tec te d  f o r  th e re  i s  no r e s t r i c t i o n  on th e  
type  o r v igou r o f chemical t e s t  th a t  has to  be a p p lie d  to  lo c a te  th e  
p o ly sac c h a r id e s .
As a r e s u l t  o f th e  f a i lu r e  o f th e  d i f f e r e n t  f r a c t io n a t io n  methods 
to  produce a homogeneous fu c o se -c o n ta in in g  p o ly sacch arid e , i t  was
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decided to  f r a c t io n a te  th e  *fucan-A* on t r im e th y ls i ly la te d  g la ss  f ib r e  
paper by e le c tro p h o re s is  a t  pH 5 u s in g  a c e ta te  b u f f e r .  The purpose 
o f t r e a t i n g  th e  g la ss  f ib r e  paper w ith  t r im e th y l s i ly l a t in g  agent i s  
to  overcome th e  h igh  r a te  of endosmotic flow  in  unm odified g la ss  
f ib r e  p a p e r . R e c e n t l y  in  an a ttem p t to  develop a s e t  o f 
tech n iq u es  f o r  s e p a ra tin g  p la n t c e l l  w all p o ly sacch arid es  e a s i ly  a t  
th e  re q u ire d  le v e l  of re s o lu tio n , on th e  a n a ly t ic a l  as w ell as th e  
p re p a ra t iv e  s c a le , J a rv is  e t a l .^ ^ ^  re p o r te d  th a t  th e  tr im e th y la te d  
s i ly l a t e d  g la s s  f ib r e  paper alm ost e lim in a te s  th e  e lectroendosm osis 
a t pH 5, and would f lo a t  in d e f in i te ly  on w ater, bu t could be w etted  in  
b u ffe r  to  which a su rfa c ta n t had been added.
A p p lic a tio n  o f th i s  techn ique in  th e  f r a c t io n a t io n  o f *fucan-A* 
(e x tra c t-3 )  (exq)t. 3-5*8) re s u l te d  in  two d i f f e r e n t  f r a c t io n s ,  one 
remained a t  th e  s t a r t i n g  l in e  and th e  o th e r  f r a c t io n  moved a long  th e  
paper, th e  two f r a c t io n s  thus sep a ra te d  were examined by paper 
chromatography and g as l iq u id  chrom atography, which ag a in  rev ea led , 
in  l in e  w ith  o th e r  f r a c t io n a t io n  r e s u l t s ,  th a t  n e i th e r  o f th e  
f r a c t io n s  o b ta in ed  by th i s  method i s  a  hom opolysaccharide, a lthough  
th e  com position of th e  two f r a c t io n s  d i f f e r e d  c o n sid e rab ly .
The com position o f th e  two f r a c t io n s  as o b ta in ed  from a ty p ic a l  
experim ent i s  shown in  ta b le  3 . 15•
Table 3.15 Composition o f th e  s ta t io n a r y  and moving f r a c t io n s  o f 
th e  TGfFP f ra c t io n a te d  * fucan—A *
F ra c tio n Amount o f Percentage P ercen tage  carbo - of recovery  o f  su lp h a te  








f r a c t io n a t io n )
 m^4- «-I 1---V . 7  m rr 4 a
0 fu co se ,x y lo se ,
g a la c to se , mannose.
4 .0 fu co se , xylose
g a la c to se , mannose, 
g lu cu ro n ic  a c id .
3 .9  fu co se , x y lose , g a lac to se ,
mannose, g lucuron ic  a c id ,
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I t  i s  ev iden t from th e  above r e s u l t s  th a t  a lth o u g h  th i s  method 
of f r a c t io n a t io n  f a i l e d  to  prove hom ogeneity o f th e  ’fucan* m olecule, 
i t  in d ic a te s  th e  p o s s ib i l i ty  o f th e  e x is te n c e  o f some b locks w ith 
no n -su lp h a ted  fucose u n i t s ;  th e  moving f r a c t io n  was shown to  
comprise s im ila r  m onosaccharide components to  th e  o r ig in a l  ’fucan* 
and t h i s  i s  th e  major f r a c t io n .  In  analogy  w ith  o th e r  f r a c t io n a t io n  
methods th e  p re sen t method a lso  produced a sm all f r a c t io n  which d if fe re d  
from th e  o r ig in a l  m a te r ia l in  th a t  i t  i s  charged group f r e e  and may 
be th e  p re c u rso r  o f th e  fu can s.
3 . 7.11 P e rio d a te  o x id a tio n  s tu d ie s  o f  g lucan  (aqueDas e lu a te  
from DE-52 column) .
P revious s t r u c tu r a l  s tu d ie s  on g lucan  is o la te d  from th e  
aqueous e x tr a c ts  o f o th e r  brown seaweeds confirm ed i t s  s t ru c tu re  as 
^  _( 1—►l) - l in k e d  g lucan . In  o rder to  in v e s t ig a te  w hether th e  glucan 
ob ta ined  from th e  aqueous e x tra c ts  o f D. plagiogramma, has s im ila r  
s t r u c tu r a l  f e a tu re s  as th e  s t ru c tu re  o f th e  g lucans from o th e r brown 
seaweeds and to  determ ine th e  percen tage  o f M -chains in  th e  g lucan, 
p e r io d a te  o x id a tio n  s tu d ie s  were c a r r ie d  o u t .  .
P e rio d a te  o x id a tio n  g ives u se fu l in fo rm atio n  in  s t r u c tu r a l  
in v e s t ig a t io n .  Thus sodium m etaperiodate  w i l l  c leave  th e  C-C bond 
in  1 ,2 -d io ls  depending on pH o f th e  s o lu tio n  and re a c t io n  tim e .
I f  more th a n  two contiguous hydroxyl groups a re  p re sen t form ic ac id  
i s  produced. Prim ary a lco h o l end groups g ive  r i s e  to  form aldehyde.
Thus a ( I—»" 3) - l in k e d  glucan w il l  on ly  be a tta c k e d  by p e rio d a te  a t  th e  
reducing  and non-reducing  end w ith  th e  l i b e r a t i o n ,o f  one mole o f 
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I t  i s  p o s s ib le  however, fo r  a ( l—0-3) -linked , g lucan  to  be 
"o v ero x id ised ” by p e rio d a te  by a  stepw ise  procedure from th e  reducing  
end, due to  th e  fo rm ation  o f a  m alondialdehyde d e r iv a t iv e  which 
co n ta in s  an  a c t iv a te d  hydrogen atom and i s  f u r th e r  su b jec t to  
p e r io d a te  o x id a tio n . This "o v ero x id a tio n "  ta k es  p lace  slow ly  a t  
room tem peratu re  but much more q u ick ly  a t  pH 8 and 35°C. This 
p ro cess  proceeds w ith  th e  l ib e r a t io n  o f 1 mole o f  formaldehyde from 













F ig u re  3*6
The numher o f g lucose u n i ts  degraded can he determ ined hy e s tim a tin g
th e  amount o f form aldehyde re le a s e d .
P e rio d a te  o x id a tio n  re a c t io n  may he made more s e le c t iv e  hy 
low ering  th e  tem pera tu re  o f r e a c t io n . Thus a t  2° and a t  pH 7
th e  red u c in g  end group o f a p o ly sacch arid e  i s  o x id ised  to  form a
form yl e s te r ,  which i s  f a i r l y  s ta b le  a t  t h i s  tem pera tu re  and no 
form aldehyde i s  re le a s e d  from th e  p rim ary  a lco h o l group ( f i g .  3 .7 ) .
CE2OH
-OCEO
I £ i -
PH 7
EC / C E O
O E
K)EI4YL BSTER
F ig u re  3 .7
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I f  a  C-1 s u b s t i tu te d  h e x i to l  i s  p re sen t in  th e  m olecule however, 
form aldehyde is  produced from th e  prim ary a lco h o l group under th e se  
c o n d itio n s . By c a lc u la t io n  from th e  y ie ld  o f form aldehyde, th e  
pe rcen tag e  o f  h e x ito l  in  th e  m olecule can he o b ta in e d . P rovided 
th e  m o lecu lar weight o f th e  po ly sacch arid e  i s  known, th e  p ercen tage  
o f h e x i to l  in  th e  m olecule can a lso  he determ ined hy m easuring th e  
amount o f p e r io d a te  reduced under a given s e t  o f r e a c t io n  c o n d itio n s . 
Using th e  l a t t e r  method th e  percen tage  o f m annito l in  th e  g lucan  
from D. plagiogramma has been determ ined .
The amount o f p e rio d a te  reduced a t  d i f f e r e n t  in te r v a ls  o f tim e 
a t 2° and a t  room tem peratu re  hy th e  p re sen t g lucan  and hy an o th er 
sample o f  lam inaran  (B ifu rc a r ia  h i fu rca ta )  o f known com position, 
which i s  devoid o f th e  m annitol end group was determ ined (see 
ta b le  3 • 16) .
Table 3»16 R eduction o f p e rio d a te  
UalO^ reduced  (moles/A.G.U.)
Temperature
2° 2° 2° 2° 25° 25°
Time in days
1 2 4 5 5 6
Lam inaran (G-chain) 
32.5 mg
0.193 0.193 0.193 0.193 0.354 0.354
Glucan (G + M-chain) 0.255 0.255 0.255 0.255 . 0.374 0.374
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The sm all re d u c tio n  o f p e rio d a te  hy hoth th e  g lucans in d ic a te s
th a t  h o th  th e s e  samples a re  (1—^ 3 ) - lin k e d  p o ly sa c c h a r id e s , th e reb y
confirm ing th a t  th e  g lucan  is o la te d  from th e  aqueous e x tra c t  o f
the  D. plagiogramma is  id e n t ic a l  w ith th e  lam inarans is o la te d  from
s im ila r  e x t r a c ts  o f o th e r brown seaweeds. At 2° th e  G—chain
lam inaran  (B. h ifu rc a ta )  reduced 0.193 moles and (G+M-chain)
D ic ty o p te r is  lam inaran  reduced 0.255 moles o f p e r io d a te  f o r  every
ajnhydrohexose u n i t .  S ince B. h ifu rc a ta  lam inaran  i s  comprised
s o le ly  o f  G—chains t h i s  corresponds to  an average ch a in  le n g th  o f 15.
The deg ree  o f  p o ly m erisa tio n  o f th e  D ic ty o p te ris  lam inaran  was 14
137as de term ined  hy th e  Timmell method. From th e  amount o f p e rio d a te  
reduced hy t h i s  lam inaran , th e  percen tage o f M -chain lam inaran  was 
c a lc u la te d  and i t  was found th a t  19^ o f th e  lam inaran  possesses  
m annitol end group. At room tem perature  0 .354 and 0 .374  moles o f 
p e r io d a te  a re  reduced fo r  each anhydrohexose u n it  hy G—ch ain  and 
(G # )-c h a in  lam inaran , re s p e c tiv e ly , in d ic a tin g  an  average chain  
len g th  o f  18 f o r  th e  form er and th e  presence of 23^ o f  M -chain 
lam inaran  in  th e  l a t t e r  p o ly sacch arid e . The p ercen tag e  o f M -chain 
lam inaran  in  D ic ty o p te r is  plagiogramma, c a lc u la te d  from th e  amount 
o f p e r io d a te  reduced a t  2° and a t  room tem peratu re  i s  in  reaso n ab le  
agreement w ith  each o th e r and i t  can he concluded th a t  on average about 
20^ o f D ic tyop t e r i s  lam inaran  has m annitol end groups. The o v e ra ll
y ie ld  o f lam inaran  in  th e  p re sen t weed was 3^ o f th e  d ry  w e ig h t.
‘f
The p e rc e n ta g e  o f y ie ld  o f lam inaran ob ta ined  from h th e r  brown 
seaweeds a re  g iven  in  th e  fo llow ing  ta b le  fo r  com parison.
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Table 3 » 17 P ercen tage  and com position of lam inaran in  d i f f e r e n t
sp e c ie s  o f brown seaweed (based on d ry  w eight o f th e  weed)
S pecies P ercen tage  o f M onosaccharide lam inaran  components
P ercen tage  of 
(G :M )-chain
D ic ty o p te ris
plagiogramma
3 glucose^, 
m an n ito l° 80:20
119H im anthalia lo re a 0 .0 2 glucose
119B ifu rc a r ia  h i f u r c a ta 0.20 glucose
n  n .  .  119Padina pavonia 0 .07 glucose
D esm arestia a c u le a ta  




March c o lle c te d 1 .8 glucose^,
m annitol^
D esm arestia l ig u la ta ^ ^ ^ 0 .0 8 glucose^,
m annitol^
no t determ ined
D esm arestia firm a^^^ .1 .8 glucose ’
^ m ajor component .  t minor component.
Prom th e  above ta b le  i t  i s  ev iden t th a t  th e re  a re  two ty p es
of lam inaran  p re se n t in  th e  brown seaweeds. One type  com prisesonly
glucose m onosaccharide u n i t  and th e  o th e r comprises g lucose  a lo n g  w ith
a minor component, m an n ito l. Although i t  has been accep ted  from
m éthy la tion  and p e r io d a te  s tu d ie s  th a t  a l l  th e  lam inarans are , ( 1—^ 3 )  -
1991^00lin k ed , i t  has been proved ' th a t  in  lam inaran o f some sp e ice s  
the  m annito l i s  lin k e d  th rough  i t s  C-1 to  C-1 o f th e  g lucose re s id u es  
a t  th e  red u c in g  end o f some o f th e  glucan chains, g iv in g  non-reducing  
m olecules ( f i g . 3 * 9  ) •
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3.7 .1 2  M éth y la tio n  o f  fucans
M éth y la tio n  a n a ly s is  i s  an  a ccu ra te  method f o r  d e te rm in in g  th e
nature and p ro p o r tio n s  o f th e  d i f f e r e n t ly  lin k ed  g lycosy l re s id u e s  in
e lig o -  and p o ly sa c c h a r id e s  or th e  carbohydrate m o ie ties  o f g ly c o -
conjugate s . The method g ives d e ta i l s  of th e  types and p ercen tag es
of th e  lin k ag es  p re s e n t in  th e  polym ers, hut g ives no in fo rm a tio n  on
th e i r  sequence o r  th e  anom eric n a tu re  o f th e  lin k a g e s . The
m éthylation  a n a ly s is  o f  a  p o ly sacch arid e  can he considered  as a  th re e
step  o p e ra tio n , c o n ta in in g  ( l )  th e  complete m éthy la tion  o f th e
polysaccharide in  which a l l  th e  hydroxyl groups a re  converted  in to
methoxyl group, (2) th e  h y d ro ly s is  o f a l l  th e  g ly c o s id ic  lin k ag es  in
th e  0-m ethy lated  p o ly sac c h a rid e  to  y ie ld  th e  p a r t i a l l y  m ethy la ted
monosaccharides and (3) a n a ly s is  i . e .  th e  c h a ra c te r is a t io n  and
q u a n tita tiv e  d e te rm in a tio n  o f th e  p a r t i a l l y  m ethylated m onosaccharides.
Severa l methods a re  a v a ila b le  fo r  th e  m éthy la tion  o f p o ly -
212saccharides which have been review ed by L indberg e t a l .  Among
thcct
these  methods th e  most w ide ly  used in  re c en t tim es i s  ^ developed by 
94Hakomori and in v o lv in g  th e  sodium methyl s u l p h i n y l  m ethanide and 
methyl io d id e  in  d im ethy lsu lphox ide  ( f i g .  3 J0  ) .
F ig . 3 .1 0  F unction  o f sodium m ethyl su lp h in y l methanide in  th e  
Hakomori m é th y la tio n  procedure
0  0 
I -  +  I I■R-OH + RLC-S-CEg Ra  ► R-0 Ra + H,C-S-CH,
Polysaccharide +
Sodium methyl su lp h in y l m ethanide
R-0“ Ha''’ + Mel ------------- ► R-OMe + Hal
lodomethane
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The su h s tu tio n  p a t te r n  o f  0-m ethyl groups in  th e  p a r t i a l l y  m ethy la ted
monosaccharides r e f l e c t s  th e  s u b s t i t u t io n  o f th e  corresponding monomers
in  th e  n a tiv e  m a te r ia l .  The hydroxyl -► methoxyl s u b s t i tu t io n  th u s
occu rrin g  as a r e s u l t  o f m é th y la tio n  can o f te n  be analysed by paper
212chromatography. S ince L indberg  and co-workers rep o rted  th a t  
O -acety l-0-m ethy l a l d i t o l s  can be c h a ra c te r is e d  by e le c tro n  impact ( e . i . )  
mass spec trom etry , th e  problem s fo r  th e  linkage  a n a ly s is  have been 
g re a t ly  s im p lif ie d . The th i r d  s te p  in  L indberg’s method inv o lv es  
red u c tio n  o f th e  p a r t i a l l y  m ethy la ted  m onosaccharides, a c é ty la t io n  
and g .I .e .-m a s s  sp ec tro m etry  o f th e  a l d i t o l  d e r iv a tiv e s  thus o b ta in e d .
The s tep s  involved  in  m é th y la tio n  a n a ly s is  by th e  Hakomori method o f 
m éthy la tion  i s  i l l u s t r a t e d  on th e  fo llo w in g  page fo r  lam inaran, a 
^ - ( l —^ *3) - l in k e d  g lu can .
The tra n s fo rm a tio n  o f  sugars  in to  a c y c lic  d e r iv a tiv e s  removes th e  
problem of m u ltip le  components due to  th e  presence of anomers, bu t th e  
conversion  o f a ld o ses  in to  s t r u c tu r a l l y  sym m etrical a ld i to l s  may r e s u l t  
in  lo s s  o f s te reo ch em ica l in fo rm a tio n .
1 2C?Stephen and co-w orkers " have compared m éthy lation  a n a ly s is  o f 
p a r t i a l l y  m ethy lated  a l d i t o l s  as t h e i r  tr im e th y l s i l y l  e th e rs  w ith  
th a t  o f th e  a l d i t o l  a c e ta te s .  The tr im e th y l s i l y l  d e r iv a tiv e s  have 
th e  advantages o f ease o f  p re p a ra t io n  and ease o f d e -e th e r i f  i  c a t io n  
when in d iv id u a l components a re  s e p a ra te d  by p re p a ra tiv e  g . l . c . .  The 
tr im e th y l s i l y l  e th e r  p rocedure  i s  recommended fo r  simple m ix tu res , bu t 
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214.G .l .c .-m .s .  o f p a r t i a l l y  m eth y la ted  a l d i t o l  a c e ta te s
The a l d i t o l  d e r iv a t iv e s  hav in g  th e  same s u b s t i tu t io n  p a t te r n
give s im ila r  mass s p e c tra  th a t  a re  ty p ic a l  of th a t  s u b s t i tu t io n
p a t te r n .  Small d if fe re n c e s  in  peak in t e n s i t i e s  may be observed fo r
s te reo iso m ers , but th e se  d if f e r e n c e s  a re  too  sm all fo r  id e n t i f ic a t io n
p urposes. The mode of frag m en ta tio n  o f th e  a ld i t o l  d e r iv a tiv e s  have
212
been e x te n s iv e ly  s tu d ie d  by L indberg  and co-w orkers.
Prim ary fragm ents a re  formed by a -c leav ag e , r e s u l t in g  in  f i s s io n  
between th e  carbon atoms in  th e  a l d i t o l  chain , th e  in te n s i t i e s  o f th e  
prim ary fragm ents decrease  w ith  in c re a s in g  m olecular, w eigh t.
F is s io n  between-two m ethoxylated  carbons i s  more abundant ■
th an  f i s s io n  between an a c e to x y la te d  and a m ethoxylated
carbon, which in  tu rn  i s  more abundant th a n  f i s s io n  between
two ace to x y la te d  carbon atom s. Thus f i s s io n  ( l)  and (2)
in  f i g .  3»1!2 a re  more im portan t th a n  f i s s io n s  (3) and (4) .
The m ethoxylated ra d ic a l  formed in  ( 1) seensto  be more s ta b le  
th a n  th e  a ce to x y la te d  ra d ic a l  formed in  (2) and consequently  th e  form er 
f i s s io n  i s  favoured .
F C — *OHe = 01:16 HC-— O lle HG =OMe
y  —► • V  ■ '
HC— OHe HO— OMe E C — OAc HO— O Ac
I I I '
( 1) ( 2 )
I I I HO— OAC
H C - OMe ^ 9 — OHe EC —  OAc ' '
L ® i \  *®o ►  0
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In  a  d e o x y -a ld i to l ,  c leav ag e  betw een  th e  m ethylene carbon atom 
and a  m e th o x y la ted  carbon atom i s  s i g n i f i c a n t ,  bu t l e s s  im portan t 
th a n  c leav ag e  betw een a m e th o x y la ted  and an  a c e to x y la te d  carbon  atom .
Secondary fragm ents a re  formed from th e  prim ary ones by s in g le  
or consecu tive  e lim in a tio n s  o f form aldehyde ( 30) , methanol (32) , 
ketene (42) ,  a c e t ic  a c id  ( 60) , m ethyl a c e ta te  ( 74)> methoxy m eth y lace ta te  
( 104)1 o r ace toxy  methyl a c e ta te  (l32) . By u s in g  th e  p r in c ip le s  o f 
prim ary and secondary frag m en ta tio n  o f p a r t i a l l y  m ethylated a ld i to l  
a c e ta te s ,  most s ig n a ls  ob ta ined  in  mass s p e c tra  o f th e se  compounds can 
be r a t io n a l i s e d .  As fo r  example, most o f th e  s ig n a ls  in  th e  mass 
spectrum o f 1, 5 -d i- 0 -a c e ty l-2 ,3,4» 6- te tra -O -m e th y l D -g lu c ito l can be 
exp lained  (see  f i g .  3«l5) .
F or m a te r ia ls  hav ing  o n ly  one su g a r  o f  any one c la s s  ( e .g .  p e n to se , 
hexosp, 6-deoxyhexose e t c . ) , th e  i d e n t i f i c a t i o n  o f  th e  components by 
m .s . i s  unam biguous. When s e v e r a l  su g a rs  o f  each c la s s  a re  p r e s e n t ,  
th e  mass s p e c t r a l  ev idence , to g e th e r  w ith  th e  r e l a t i v e  r e t e n t io n  tim e 
in  g . l . c .  le a d  to  an  uneq u iv o cal i d e n t i f i c a t i o n  o f  each component.
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A p r e r e q u is i te  fo r  Hakomori m éth y la tio n  re a c t io n  i s  th a t  th e  
s u b s tra te  i s  so lu b le  in  MSG. S o lu b i l i s a t io n  i s  o f te n  f a c i l i t a t e d  
by u l t r a s o n ic  tre a tm en t an d /o r warming to  ^ 7 0 ° C .  Most 
’u n d e rm eth y la tio n s’ a re  due to  incom plete d is s o lu t io n  o f th e  s u b s tr a te .  
In  th e se  cases a p o r tio n  o f th e  m a te r ia l may be com pletely  m ethylated  
w hile th e  rem ain ing  in so lu b le  p a r t  i s  unm ethy la ted . P resence of 
u ro n ic  a c id  and su lp h a te  a lso  h in d e rs  com plete m é th y la tio n .
The m é th y la tio n  experiment ( 3 . 6 . 2) was perform ed to  determ ine th e  
lin k ag e  p a t te r n  o f th e  ’fucan*-A ob ta in ed  from th e  D ic ty o p te r is  
piagiogramma. The ex ten t o f d eg rad a tio n , i f  any, which might have 
occurred  d u rin g  th e  m éth y la tio n  was a s c e r ta in e d  by g e l f i l t r a t i o n .
The e lu t io n  p a t te rn s  o f ’fu can ’-A, and th e  once and tw ice  m ethylated  
p o ly sacch arid es  ( f i g .  3 . 14 ) show th a t  indeed some d eg rad a tio n  seems 
to  have o c cu rred . This w il l  have to  be borne in  mind when th e  r e s u l t s  
o f th e  m é th y la tio n  a n a ly s is  a re  in te r p r e te d .
The p a r t i a l l y  m ethy lated  m onosaccharides from th e  h y d ro ly sa te  
o f m ethy la ted  ’ fu can ’-A were t e n ta t iv e ly  c h a ra c te r is e d  by paper 
chrom atography and th e n  confirm ed by g . l . c .  and g . l . c . - m .s .  The 
r e s u l t s  a re  shown in  ta b le  3 . I 8 .
Paper chrom atography of th e  m ethy lated  ’ fu can ’-A hydro ly s a te  
re v ea led  th e  p resence  o f a slow  moving component as w ell as th e  p a r t i a l l y  
m ethy la ted  m onosaccharides. The slow moving component (o lig o u ro n ic  
acid) was su b seq u en tly  sep a ra ted  (e x p t. 3 . 6 . 3) from th e  r e s t  o f th e  
p a r t i a l l y  m ethy la ted  m onosaccharides and th e  m onosaccharide components 
invo lved  in  ih e  fo rm ation  of o lig o u ro n ic  a c id  c h a ra c te r is e d  
(see  ta b le  3 . l 9 ) .
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Table 3 . l8  P a r t i a l l y  m ethylated m onosaccharides c h a ra c te r is e d  by
g . l . c .  and g . l  .c .-4 n .s . from th e  hydro ly s a te s  o f m ethylated  
’ fu c a n ’-A; a f  t e r  conversion in to  a l d i t o l  a c e ta te s
R e ten tio n  tim e M onosaccharides c h a ra c te r is e d  by g . l . c .  and
g . l . c . - m . s .
fucose
2 .0  unm ethylated f l)
1.43 . 2-0-HUethyl fucose ( l)
1.79 3-0-m ethyl fucose (m)
0 .65  2 ,3 ,4 -tr i-O -m eth y l fucose  (s)
0.91 3 ,4-di-O -m ethyl fu co se  (s)
x y lose
0 . 56  2 , 3 , 4-tr i-O -m e th y l xy lo se  (s)
1.02 2 , 3-di-O-Hnethyl x y lo se  (m)
3.40 unm ethylated xy lose  (s)
g a la c to se
3.12 2 ,6-d i-O -m eth y lg a lac to se  ( l)
1.19 2 ,3 ,4 ,6- te tra -O -m e th y lg a la c to se  (s)
4 .96  2 ,4-d i-O -m eth y lg a lac to se  (s)
mannose
4 .58  * 2 ,4-di-O -m ethyl mannose (m)
2.27 2 , 3 , 4- tr i-^ -m e th y l  mannose (s)
(a) R e ten tio n  tim e r e la t iv e  to  th a t  o f 1 ,5 - d i - 0 - a c e ty i - 2 ,3 ,4 ,6 -  
t  e t r a - ^ —m eth y l-D -g lu c ito l.
( 1) re p re se n ts  la rg e  peaks, (m) medium and (s) sm all peaks.
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The com positions o f th e  m ixtures o f p a r t i a l l y  m ethy la ted
monosaccharides o b ta in ed  from ’fucan-A* by th e  a p p l ic a t io n  o f one and
two m éth y la tio n  p rocedures were v i r t u a l ly  id e n t i c a l .  In  b o th  p roducts
unm ethylated fu co se  p redom inates. The presence o f unm ethylated  fucose
even a f t e r  two m é th y la tio n s , i s  probably  due to  th e  f a c t  th a t  t h i s
119’fucan’ in  an alo g y  w ith  o th e r ’fu c a n s ’ from brown seaw eeds, i s  
h igh ly  branched w ith  a l l  th e  hydroxyl groups in  some fucose  re s id u e s  
involved in  g ly c o s id ic  lin k ag e  an d /o r su lp h a tio n .
2-0-m ethyl and 3-0-m ethyl fucose were a lso  m ajor p ro d u c ts  a long  
w ith sm all p ro p o r tio n s  o f 3 ,4-di-O -m ethyl and 2 ,3 ,4 -tr i-O -m e th y l 
fucose in  b o th  o f  th e  m ethy la ted  m a te r ia ls .
These r e s u l t s  a lso  in d ic a te  th a t  a l l  th e  m onosaccharide components 
except mannose a re  p re sen t as end groups (although t h i s  may have 
re su lte d  from c leavage o f  th e  m o lecu les), as w ell as in  th e  i n t e r i o r  
o f th e  m olecule lin k e d  in  a v a r ie ty  o f ways. I t  appears th a t  xy lose  
is  p resen t m ain ly  lin k e d  through C-1 and C-4; and th rough  C-1 (end 
group) in d ic a t io n  o f t r i p l y  lin k e d  xylose  u n its  was a ls o  observed by 
th e  id e n t i f i c a t i o n  o f f r e e  x y lose  in  th e  m ixture o f p a r t i a l l y  m ethy la ted  
m onosaccharides. Most o f th e  g a lac to se  and mannose a re  p re sen t a t  
branch p o in ts ,  l in k e d  th rough C-3 and C-4; and 0-3 and 0-6 re s p e c tiv e ly , 
although some o f th e  g a la c to se  was p re sen t as end group. A sm all 
p ro p o rtio n  o f  mannose i s  lin k e d  th rough  0-1 and 0 -6 .
In  agreem ent w ith  e a r l i e r  m éthy la tion  s tu d ie s^ ^ ^ '^ ^ ^  th e se  
r e s u l ts  confirm  th e  presence  o f fucose lin k ed  th rough  0-1 and 0-2 
as w ell as 0-4,’ 0-1 and 0-3 as w ell as 0-4; 0-1 and 0-2 as w ell as 0-3 
and 0-4,’ th rough  0-1 (end group) and through 0-1 and 0 -2 .
A lte rn a tiv e ly , th e  above secondary carbon atom may in  some fucose 
residues be su lp h a te d .
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3*7.13 C h a ra c te r is a tio n  o f m onosaccharides ob ta ined  from o lig o u ro n ic  a c id
From pap er chrom atographic s tu d ie s  o f th e  h y d ro ly sa te s  o f m ethylated  
’fucan’-A (p a g d 3 0 ) i t  appears th a t  any u ron ic  a c id  re s id u e s  which had 
not been degraded d u rin g  th e  m éth y la tio n  had not been com pletely  
lib e ra te d  by h y d ro ly s is  and a re  p re sen t as o lig o u ro n ic  a c id .  This o lig o u ro n ic  
ac id  f r a c t io n  o f  slow er chrom atographic m o b ility  was th e re fo re  sep a ra ted  
from th e  r e s t  o f th e  m onosaccharide components and th e n  e s t e r i f i e d ,  
reduced and h y d ro ly sed . Paper chromatography o f a  p o r tio n  o f  th e  
hydro lysa te  re v e a le d  a complete conversion  o f th e  u ro n ic  a c id  to  g lu co se .
The glucose was confirm ed as a D-sugar w ith  glucose o x id ase . The r e s t  
of the  h y d ro ly sa te  was reduced w ith  sodiumborohydride and a f t e r  conversion  
in to  0 -a c e ty l a l d i t o l s  was analysed  by g . l . c .  and g . l . c . - m .s .  The 
monosaccharide components id e n t i f ie d  by th e se  methods a re  ta b u la te d  
below (Table 3«l9) -
Table 3.19 M onosaccharides ob ta in ed  from o lig o u ro n ic  ac id
R ^ TMG M onosaccharide components
1 .88 fucose^
2.1 2-0-m ethyl fucose
3.11 xylose
4 .39 2 ,3-di-O -m ethyl g lucose
6 .29 glucose^
6.85 2-0-m ethyl g lucose^
7.70 3-0-m ethyl glucose
a R eten tion  tim e r e l a t i v e  to  th a t  o f 1,5 -d i-O —a c e ty l - 2 ,3 ,4 ,6 —te t r a - 0 -  
methyl D -g lu c i tb l .
b confirmed by m .s .
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3.7*15 P e rio d a te  o x id a tio n  s tu d ie s
The fuoan-A ’ from P ic ty o p te r is  plagiogramma reduced 0 .4 7  moles 
o f p e rio d a te  f o r  every  ’anhydrohexose’ u n it  (ex p t. 3 .6 .5 )  and, a f t e r  
red u c tio n , th e  p o ly a lco h o l was recovered  in  84^  y ie ld .  A re p e a te d
ox id a tio n  r e s u l te d  in  v i r t u a l l y  no fu r th e r  red u c tio n  of p e r io d a te , 
in d ic a tin g  t h a t ,  even i f  h em iace ta l format ion"* had occurred  d u rin g  
th e  f i r s t  o x id a tio n , th e  c leavage o f th e  hem iacetal d id  not produce 
f re e  v ic in a l  hydroxyl groups p o s s ib ly  due to  th e  presence o f s u lp h a te .
Gel f i l t r a t i o n  s tu d ie s  o f th e  po ly sacch arid e , th e  d e riv ed  po ly ­
alcoho l and th e  degraded, polymer ob ta ined  a f t e r  m ild h y d ro ly s is  o f th e  
po lyalcoho l w ith  M - tr i f lu o ro a c e t ic  a c id  was c a r r ie d  out on a Sepharose 
4P column. This re v e a le d  th a t  th e  po lysaccharide  and th e  p o ly a lco h o l 
were both  v e ry  p o ly d isp e rse , maximum e lu tio n  occu rrin g  about midway 
between th e  vo id  and e x c lu s io n  volumes ( f ig .  3 . 15 ) •  The e lu t io n  
p a tte rn s  o f th e  p o ly sac c h a rid e  and. po lyalcohol were very  s im ila r  and 
i t  appears th a t  th e re  i s  no t much d if fe re n c e  in  th e  m olecular s iz e  
I of. the  two m a te r ia ls .  The maximum e lu t io n  of th e  degraded polym er, 
on th e  o th e r hand, in d ic a te d  a somewhat sm aller m olecular s iz e ,  
i ( f ig .  3 . 15) in d ic a t in g  th e  f a c t  th a t  no cleavage had taken  p lace  in  th e
; in te r io r  o f th e  m olecule and th a t  th e  cleaved u n its  were on th e  p e rip h e ry
I
I o f th e  m olecule.
The exam ination o f  th e  form ic a c id  hydro ly s a te  o f th e  p o ly a lco h o l 
by paper chrom atography (e x p t. 3 .6 .5 f)  rev ea led  only a f a in t  spo t o f 
g lucuron ic  a c id  th e re b y  in d ic a t in g  th a t  most o f th e  g lucuron ic  a c id
I
p resen t in  th e  ’ fucan* i s  lin k e d  th rough  0-1 and 0-4 .
From th e se  r e s u l t s  i t  i s  c le a r  th a t  fucose and xylose a re  in  c lo se  
p rox im ity  to  th e  u ro n ic  a c id  u n i ts  in  th e  po lysaccharide  and a re  p robab ly  
inn'utually l in k e d . The incom plete m éthy la tion  o f th e  m onosaccharides in
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th i s  m a te r ia l in d ic a te s  a h igh  degree o f branching  and i s  a lso  p a r t l y  
due to  th e  p resence  o f s u lp h a te .
The absence o f any 4-0-m ethyl g lucose in d ic a te s  th a t  th e  u ro n ic  a c id  
is  m ainly lin k e d  th rough C-1 and C-4 and th i s  i s  confirmed by th e  
p resence o f a  ve ry  sm all p ro p o r tio n  o f uncleaved u ron ic  a c id  in  th e  
h y d ro ly sa te  o f th e  p o ly a lco h o l (page 134 )*  "Hie sm all p ro p o rtio n  p re s e n t . 
in d ic a te s  th a t  th e  u ro n ic  a c id  may a lso  occur a t  branch p o in ts .
Although evidence o f ( l —^ 4 )  lin k e d  g lu cu ro n ic  a c id  in  o th e r  fucans
119161have been g iven  p re v io u s ly , ’ th e  presence o f u ron ic  a c id  in  fucan  
a t  branch p o in ts  i s  found f o r  th e  f i r s t  tim e .
In  analogy w ith  th e  p rev io u s  in v e s t ig a t io n s  th e  m éthy la tion  r e s u l t s  
in d ic a te  th a t  th e  ’fucan-^A’ from D ic ty o p te r is  plagiogramma is  a  h ig h ly  
complex p o ly d isp e rse  h e te ro p o ly sa c c h a rid e . However, th e se  r e s u l t s  
in d ic a te  th a t  a l l  th e  d i f f e r e n t  ’ fucans* from d if f e r e n t  weeds a re  b u i l t  
up on th e  same g en era l p la n . A lthough th e se  r e s u l t s  g ive th e  m ajor 
lin k ag es  o f th e  in d iv id u a l su g a rs , th e y  g ive l i t t l e  id ea , a p a r t from 
th o se  which occur as end groups, o f  th e  o v e ra ll  s t ru c tu re  o f th e  
m acrom olecules. M éthy lation  o f th e  a lk a l in e  desu lphated  ’fucan  A* 
along  w ith  th re e  o th e r a lk a l in e  d esu lp h a ted  ’fu can s’ from H im anthalia  
lo r e a , B ifu rc a r ia  b i f u r c a ta  and a  ’fu can ’ ob ta ined  from th e  I n s t i t u t e  
of seaweed re se a rc h , S co tlan d , was th e re fo re  c a r r ie d  out in  th e  hope 
th a t  f u r th e r  in s ig h t  in to  th e  m acrom olecular s t ru c tu re  would be o b ta in e d , 
( fo r  d e ta i le d  d isc u ss io n  o f th e s e  m ethy lated  a lk a l in e  desu lphated  
’fucans ’ see  page 161 ) •
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3.7«16 D esu lphation  o f *fu can s*
One o f th e  s tan d a rd  methods f o r  d e te rm in in g  th e  s i t e  o f e s te r  
su lp h a te  i s  th e  c h a ra c te r is a t io n  o f m eth y la ted  m onosaccharides in  th e  
h y d ro ly sa te s  o f th e  m ethylated  p o ly sacch a rid es  "before and a f t e r  
d e su lp h a tio n . U n fo rtu n a te ly  com plete m é th y la tio n  o f th e se  'fucans* is  not 
p o ss ib le  and fu rtherm ore  complete d e su lp h a tio n  hy m ethanolic  hydroch lo ric  
a c id  lead s  to  complete d eg rad a tio n .
In  view o f th e  above fa c t d e su lp h a tio n  o f  th e  fucans w ith  a lk a l i  was 
a ttem p ted .
D esu lphation  o f 'fucans* by a l k a l i
I t  has been e s ta b l i s h e d " ^ f r o m  experim ents on model mono­
sacch a rid e  su lp h a te s  th a t  th e  e s te r  su lp h a te  groups a re  cleaved by a lk a l i  
on ly  i f  th e y  a re  lin k e d  to  carbon atoms which a re  ad jacen t to  carbon atoms 
c a rry in g  hydroxyl groups tra n s  to  th e  su lp h a te  re s id u e s . The tra n s  
hydroxyl groups may be p resen t as u n s u b s ti tu te d , a c e ty la te d , benzoylated 
o r su lp h a te d . The mechanism in v o lves d isp lacem ent o f th e  su lp h a te  group 
by r e a r  s id e  a t ta c k  of th e  ad jacen t oxide an ion  to  form an epoxide r in g , 
accompanied by in v e rs io n  o f c o n fig u ra tio n  a t  th e  carbon atom to  which 
th e  su lp h a te  group was o r ig in a l ly  a t ta c h e d . This can be rep resen ted  as th e  
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The oxide an ion  i s  formed as a p re lim in a ry  s tep  from th e  a d jac e n t e s te r  
group, hy th e  hase in  which th e  e s te r  groups undergo h y d ro ly s is  ( a lk a l i )  
or a lco h o ly s is  (a lk o x id e ) . The fo rm ation  o f oxide an ion  i s  reaso n ab le
fo r  carhoxy lic  e s t e r s ,  which a re  r a p id ly  hydrolysed under th e  co n d itio n s  
employed, hu t i s  unusual f o r  su lp h a te  e s te r s  which a re  u s u a lly  o n ly  slow ly
213hydrolysed hy th e  n u c le o p h ilic  a t ta c k  on sulphur req u ired  f o r  t h i s  re a c t io n .
With th ese  d is u lp h a te  e s te r s  th e  ease o f h y d ro ly s is  has heen ex p la in ed  hy
214th e  in d u c tiv e  e f f e c t  o f  th e  a d jac e n t su lp h a te  group.
! A— c —  0 —  SO-,H —► -C-0 + ROSO^H
F ig u re  3*17
I f  th e  v ic in a l  secondary  group i s  c i s ,  as in  methyl 2 ,3 ,6 - t r i - 0 - a c e ty l - 4 - 0 -  
m eth an esu lp h o n y l^^ -D -g a lac to s id e  ( f i g .  3*18), th en  only  d e a c e ty la t io n  
occurs and th e  m ethanesulphonyl oxy- group i s  not d isp la ce d .
5H20Ac 
H sO   ^ OMe
Ms = Methane su lphonyl)
OAc
Figure 3*18 2 ,3 ,6 - tr i-0 -a c e ty l-4 ^ -m e th a n e s u lp h o n y l-^ -B -g a la c to s id e
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3 .7 .1 7  The fucan-A a long  w ith  th re e  o th e r  fucans from th re e  
d if f e r e n t  hrown seaweeds were su b je c te d  to  a lk a lin e  d esu lp h a tio n . 
The p ro p e r tie s  o f a l l  th e  fo u r  ’ fu c a n s ’ a re  shown in  ta b le  3 «20
Table 3*<20 P ro p e r tie s  o f th e  d i f f e r e n t  ’fu can ’ befo re  and a f t e r  
a lk a l in e  d e su lp h a tio n
Fucan
P ercen tage  o f 
recovery  by 
weight
P ercen tage  o f Percentage of P ercen tage  o f 
carbohydrate  u ro n ic  ac id  su lp h a te
O rig in a l Desul- O r ig n a l  D esubO riginal D esul-
fucan-A
(b -p1a g i0gramma)
72.3 66 72 19.7 15.3 3.9 2.6
fucan-B
(B. b ifu rc a ta )
7/1 52 59.2 7.2 3.5 10.8 1.7
fucan-H 
(H. lo rea)
86 50.5 57 7.9 6.7 21.7 15
fucan-X 
(su p p lied  by 
I n s t i t u t e  o f 
Seaweed resea rch )
63 50 56 6 .8 3.4 26.5 13.5
I t  can be seen from th e  ta b le  t h a t  in  case o f ’fucan-A ’ th e  su lp h a te  
con ten t has been reduced by 33.3% ’fucan-H ’ by about 30.9% ’fiican-B’ 
by 84 . 3% and (fucan-X ’ by 49.1% in d ic a t in g  th a t  a t  le a s t  some o f th e  
m onosaccharide components o f ’ fu c a n ’ m olecule a re  lin k ed  through C-1 and 
0-4 w ith  su lp h a te  group lin k e d  to  0-2 o r  0-3 , in  each o f th e se  ’ fu c a n s ’ . 
This lo s s  o f su lp h a te  however, does not n e c e s s a r i ly  mean th a t  only 
fucose i s  su lp h a ted . The lo s s  in  w eight o f th e  desulphated  m a te r ia l 
can be m ainly exp lained  by th e  lo s s  o f  su lp h a te  and i t s  accompanying'\ 
m e ta ls . This was fu r th e r  confirm ed by gel f i l t r a t i o n  s tu d ie s  o f th e  
fucans on Sepharose 4® column (see  f i g s . 3 .  9 , d.) I t  can be seen
from th e  e lu t io n  p a t te rn  o f  th e  ’ fu c a n s ’ b e fo re  and a f t e r  d esu lp h a tio n  
th a t  l i t t l e  change in  th e  m o lecu lar s iz e  had occu rred .
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Absorbance a t  48? nm 
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3»7»18 Although th e  opening o f  epoxide r in g s  does not always r e s u l t  in  
th e  p ro d u c tio n  o f a  new m onosaccharide, in  th e  above p a r t i a l l y  
desu lphated  * fu can ’ h y d ro ly sa te s  a l l  on v is u a l  exam ination on a paper 
chromatogram re v ea led  th e  p resen ce  o f a monosaccharide not found in  
th e  h y d ro ly sa te  o f th e  ’ fucans* b e fo re  d e su lp h a tio n .
As th e  percen tage  o f su lp h a te  o r ig in a l ly  p re sen t in  ’fucan-X’ 
b e fo re  a lk a l in e  trea tm en t was h ig h e r  th a n  th e  percen tage  o f su lp h a te  p re sen t 
in  o th e r ’fu c a n s ’ and as enough m a te r ia l  was a v a ila b le ,  fu r th e r  
in v e s t ig a t io n  to  id e n t i f y  th e  new m onosaccharide component and thus 
to  determ ine th e  s i t e  o f th e  e s t e r  su lp h a te  o r ig in a l ly  p re sen t in  th e  
’fu c a n ’ was c a r r ie d  out w ith  d e su lp h a ted  ’ fucan-X ’ on ly .
The new component from ’fu c a n -‘X ' was sep a ra ted  on a 3 MM paper, 
converted  in to  th e  a ld i t o l  a c e ta te s  and examined by g . l . c .  and g . l . c . -  
m .s . ( f i g . 5* 23 ) which re v e a le d  th a t  th e  newly formed monosaccharide 
component i s  a  6-deoxyhexose. The fo rm ation  o f a new 6-deoxyhexose 
u n it  as a  r e s u l t  o f th e  a lk a l i  tre a tm e n t o f  th e  ’fucan* can only  have 
a r is e n  from fu co se , th e reb y  confirm ing  th a t  a t  le a s t  some o f th e  a lk a l i  
l a b i l e  su lp h a te  group was s i tu a te d  on th e  fucose u n it  o f th e  ’fucan*.
The new 6-deoxyhexose can be formed from a  fucan , th e  fucose 
re s id u e s  o f which a re  lin k e d  th ro u g h  C-1 and 0-4 o r from non-reducing 
end groups which a re  su lp h a ted  a t  C—2 and 0 -3 . E ith e r  o f th e se  
re s id u e s  under th e  a c tio n  o f a l k a l i  y ie ld s  epoxide d e r iv a tiv e s  which 
on h y d ro ly s is  o f th e  p o ly sacch a rid e  g ives 6 -d e o x y -^ g a la c to se  
(L -fucose) a n d /o r 6-deoxy-L -idose u n i ts  (see  f i g .  3'20) •
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3 . 7 .  20 A s i m i l a r  r e a c t io n  path i s  fo l lo w e d  by  fu c o p y ir a n o s id e -3 - s u lp h a te , 
the f in a l  p rod u ct  of w hich w i l l  be  the s a m e  a s  ob ta in ed  fr o m  
fu c o p y r a n o s id e -2  -su lp h a te .  The fo r m a t io n  o f  6 - d e o x y - L - id o s e  
th e r e f o r e ,  d o es  not d is t in g u is h  b e tw e e n  2 -  and 3 - su lphated  fu c o se  
u n it s .  H o w e v e r ,  c l e a v a g e  o f  the e p o x id e  r in g s  w ith sod iu m  
m e th o x id e  r e s u l t s  in  the fo r m a t io n  o f  m e th y l  d e r iv a t iv e s ,  the  
m e th o x y l  group e n ter in g  the m o n o s a c c h a r id e  u n its  at w hich  the  
su lp h a te  group w as o r ig in a l ly  s itu a te d .  T hus L r f u c o s e - 2 - s u lp h a t e  should  
y ie ld  2 - ^ m e t h y l - L - f u c o s e  and 3 - 0 - m e t h y l - 6 - d e o x y - L - i d o s e ,  
w h e r e a s  in  the p ro d u cts  f r o m  3 -s u lp h a te d  fu c o s e  the p o s it io n  of  
0 -^m e th y l  grou ps is  r e v e r s e d  (se e  f ig .  3» 2 1 ,  3* 2 2 )
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In  th e  p re sen t s tu d ie s , ,the  a c t io n  o f  sodium methoxide on th e  
a lk a l in e  desu lpha ted  ’fucan-X ’ follow ed hy h y d ro ly s is , le d  to  th e  
fo rm ation  o f two new components d e te c ta b le  by p .c .  in  a d d itio n  to  
th e  m onosaccharide components observed in  th e  hydro ly s a te  of th e  
p a ren t ’ fu c a n ’ . • The paper chrom atographic m o b ility  o f th e se  two new 
components were f a s te r  th an  th e  m onosaccharide components o f th e  o r ig in a l  
*fucan* h y d ro ly sa te  and th e  m o b ility  o f  one o f th e se  components 
corresponded to  th e  m o b ility  o f 2-0-m ethyl fu c o se . Both o f th e se  new 
components (h e re in a f te r  c a lle d  ' Component-1 and Component-2) a f t e r  
s e p a ra tio n  on 3MM paper were examined by p . c . , g . l . c .  and g . l . c . - m .s .
The a l d i t o l  a c e ta te  d e r iv a t iv e  o f component-2 has th e  same 
r e te n t io n  tim e as th a t  of 2-0-m ethyl f u c i to l  a c e ta te  and i t s  
frag m en ta tio n  p a t te rn  on e . i . - m .s .  was s im i la r  to  th a t  o f 2-0m e th y l 
6-deoxy h e x ito l  a c e ta te  th e re b y  in d ic a t in g  th a t  component-2  i s  a 
2-0-m ethy l-6 -deoxy  hexose. That t h i s  2-0-m ethyl 6-deoxy hexose i s  
indeed  a  2-0-m ethyl fucose was confirm ed by p .c .  th e  R^ , va lue  of which 
corresponds w ith  th a t  of 2-0-m ethyl fucose  and not w ith  2-0-m ethyl 
6-deoxy id o se  o r 3-O -^ethyl fucose th e re b y  confirm ing th a t  th e  s i t e  
o f e s t e r  su lp h a te  group was on C-2 o f th e  o r ig in a l  ’fu can ’ and not 
on C-3 as in  th a t  case a 3-0-m ethyl fucose  an d /o r 2-0-m ethyl 6-deoxy 
id o se  would have been th e  p ro d u c t.
Although i t  was thought a t  th e  f i r s t  in s ta n c e  th a t  th e  
component-1 i s  a  3-0-m ethyl 6-de,o7ty hexose, re p ea ted  attem pt to  
c h a r a c te r is e  t h i s  component as a carbohydrate  d e r iv a t iv e  f a i l e d .
I t  was th e re fo re  decided to  in v e s t ig a te  th e  a c e ta te  o f th e  red u c tio n  
product o f  ^component-1 by g . l . c .  -  c . i .  m .s . The c . i .  m .s . o f 



































































































































The s p e c tr a  showed th e  p ro to n a ted  m olecular io n  (M + l ) ^  having 
m/e 273* As th e  a l d i t o l  a c e ta te s  o f hexose, 6-deoxy hexose and 
pen to se  d e r iv a t iv e s  have m olecular weight h ig h e r  th a n  272; i t  was 
p o s tu la te d  th a t  component-1 might have a r i s e n  from a lk a l in e  
d e g ra d a tio n  o f a  C-4 s u b s t i tu te d  g lucu ron ic  a c id  which was o r ig in a l ly  
p re se n t in  th e  fu can . The p o s s ib i l i ty  o f fo rm atio n  o f such a product 
by b ase  c a ta ly s e d  ^ - é l i m i n â t io n  have been d e sc rib e d  by Lindberg^^^ 
and A sp in a ll  e t a l^ ^ ^  and reviewed by K iss
In  g e n e ra l , po ly sacch arid e  and o th e r  sugar co n ju g a tes  can be 
degraded in  two ways ; namely in  a p ro to n  r i c h  and in  a p ro ton-poor 
medium. D egradation  in  p ro to n - r ic h  media ( e .g .  a c id  h y d ro ly s is )  leads 
to  o lig o sa c c h a r id e  o r m onosaccharide fragm ents in  which no im portant 
s t r u c tu r a l  change in  th e  sugar u n it  d i r e c t ly  in vo lved  in  th i s  
p ro ced u re . The p o s i t io n  o f th e  g ly c o s id ic  lin k a g e  on th e  4-hydroxyl 
group o f th e  hexopyranuronate r in g  i s  o f s p e c ia l  n a tu re , namely th e  
^ - p o s i t i o n  to  th e  carboxyl group. Owing to  t h i s  l in k a g e , some 
s p e c ia l  tra n s fo rm a tio n s  have been observed in  t h i s  c la s s  o f sugars 
and su g ar c o n ju g a te s . As f o r  example a new m u ltip le  bond i s  formed 
in  th e  ^ ^ - e l im in a t iv e  p rocess  by lo s s  o f two s u b s t i tu te n ts  from 
ad jac e n t atom s. The atoms involved  in  th e  ^ - e l i m i n a t i o n  procedure 
in  most o f  th e se  re a c tio n s  a re  carbon atoms ; hence, th e  deg rad a tio n  
r e s u l t s  in  a  new carbon-carbon double bond (see  f i g .  3» 2 6 ) ,
H
t • \  X
C -  C -  X ------- ► G = C,
I I  \
L
where L i s  th e  le a v in g  group
F ig u re  3* 26
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One o f th e  two s u b s t i tu t  ent s c leaved  d u rin g  th e  ^ - e l i m i n a t i o n  
i s  hydrogen a c t iv a te d ,  in  th e  most commonly observed p rocedu res, 
by an e lec tro n -w ith d raw in g  group X.
Form ation of a product o f m olecular w eight 2?2 from sodium 
methoxide t r e a te d  ♦fucan* c o n ta in in g  g lu cu ro n ic  a c id  s u b s t i tu te d  
a t  C-4 can be exp lained  acco rd in g  to  fo llo w in g  re a c t io n  scheme.
R l - 0
CO pH
( V I I )




( V I I I )
0-H.






( I X )
Thus on trea tm en t w ith  a lk a l i  th e  u ro n a te  re s id u e  (V Il) c a rry in g  
a  good le av in g  group a t  p o s i t io n  C-4 w i l l  e lim in a te  i t  and an u n sa tu ra te d  
u ro n a te  re s id u e  (V IIl) should  be form ed. The e n d  e th e r  grouping 
in  t h i s  m oiety  i s  a c id  l a b i l e ,  and m ild  h y d ro ly s is  w ith  a c id , should 
g ive  a  4-(ieoxy-5-u losuronate  (iX) and th e  f r e e  ag lycon . The 
product (IX) would p robab ly  re a c t  f u r th e r ,  u l t im a te ly  y ie ld in g  










I t  is  l i k e ly  th a t  in s te a d  o f y ie ld in g  th e  f in a l  product (x) th e  
in te rm ed ia te  (IXA) o r (iX l) was formed which a f t e r  red u c tio n  and 
a c é ty la t io n  re s u lte d  in  the  form ation  of product (Xl) .
o r  :_OpG
[XB
(XI)
As shoun in  f i g . 5 » 21 an. L-fucopyi'anose re s id u e  su lp h a ted  a t 
C-2 might be expected to  give two p ro d u c ts , namely 3-0 -m ethy l-6-deoxy- 
L -idose  ( i l l )  and 2-0-m ethy l-L -fucose ( iV ) . However, only one, th e  
l a t t e r  was formed.
I t  i s  p ro f i ta b le  to  compare t h i s  r e s u l t  w ith  th o se  ob ta ined  
w ith  methyl 2 ,3 -anhydro-6 -deoxy-a-L -ta lopyranoside  (XIl) and i t s  
4-0-m ethyl d e r iv a t iv e  ( X I I l ) ^^^5,216,217 Treatment w ith  sodium 
methoxide of th e  form er gave th e  3 -0 -m eth y l-^ -id o se  d e r iv a tiv e  (XIV) 
as th e  on ly  p roduct, whereas th a t  from th e  l a t t e r  was th e  2-0-m ethyl 
L -g a lac to se  d e r iv a tiv e  (XV). The p roducts XIV and XV presum ably 
a r i s e  from th e  conform ations A and B, r e s p e c tiv e ly . Although i t  i s  
g e n e ra lly  thought th a t  th e  ^HC^(b) conform ation i s  more s ta b le  than  
^HCq (a) conform ation, i t  has been proposed th a t  th e  l a t t e r  is  
s t a b i l i s e d  by hydrogen bond fo rm ation  as shown.
The r e s u l t s  ob ta ined  w ith  ’^ fucan-X’ a re  th e re fo re  analogous 
to  th o se  ob ta ined  w ith  methyl 2 ,3-anhydro-4-^-m ethyl-6-deoxy-a-L- 
ta lo p y ra n o s id e . I t  i s  th e re fo re  l i k e ly  th a t  th e  2 -0-m ethyl-L -fucose 
o b ta ined  from ’ fucan-X* a ro se  from L-fucopyranose re s id u es  su lp h ated
' , Î
a t  C-2 which were indeed in te rc h a in  re s id u e s  (XVl)
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(XVI)
ra th e r  th an  n o n -reduc ing  end groups (XVIl)
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3. 7.21 H esu lphation  o f  *fucan-X* hy Pavlenko method
Pavlenko e t a l^ ^ ^  claim ed th a t  p a r t i a l  a c id  h y d ro ly s is  
o f a su lp h a ted  p o ly sacch arid e  follow ed hy a c é ty la t io n  o f th e  d e riv ed  
m ixture o f m onosaccharide su lp h a te s  and desu lp h a tio n  w ith  th io n y l 
ch lo rid e  r e s u l t s  in  com plete removal o f su lp h a te . M éthy la tion  
of th e  su lp h a te  f r e e  m onosaccharide a c e ta te  hy diazom ethane and 
exam ination o f  th e  product hy g . l . c .  and g . l . c . ^ . s .  re v ea led  th e  
p o s i t io n  o f  su lp h a te  group in  th e  o r ig in a l  p o ly sacch a rid e .
A p p lic a tio n  o f  Pavlenko method (Expt. 3-<64 1 ) to  fucan-X
E(2-5 g) 1 S0“ 26. 5^ ]  r e s u l te d  a f t e r  m ild h y d ro ly sis  in  a  w ater
so lu b le  ( 1.5 g) and w ater in so lu b le  (0.735 g) f r a c t io n .  The
so lu b le  m a te r ia l  co n ta in ed  11.5^ su lp h ate  and th e  in so lu b le  
m a te ria l 32^. The a c e ta te  d e r iv a t iv e  o f th e  so lu b le  m a te r ia l
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a f te r  th io n y l  c h lo rid e  trea tm en t con tained  6^ su lp h a te . I t  should  
however he r e a l i s e d  th a t  th e  su lp h a te  con ten ts  were c a lc u la te d  from 
th e  weight o f  th e  m onosaccharide a c e ta te s ;  based on a m onosaccharide 
content th e s e  would be co n sid e rab ly  h ig h e r .
3 . 7.22 M éth y la tio n  o f t h i s  m a te r ia l w ith  diazom ethane fo llow ed  by 
exam ination o f  th e  m ethy lated  p roduct by g . l . c .  and g . l . c . - m . s .  
revealed  th e  p resence  o f 2-0 -m e th y l, 3-0-m ethyl and 4 -0 -m ethy lfucose 
along w ith  la rg e  amounts o f unm ethylated fucose and g a la c to se  and 
some unm ethy lated  x y lo se . The r e te n t io n  tim e o f th e  a l d i t o l  a c e ta te  
d e r iv a tiv e s  o f  th e  d i f f e r e n t  components a re  shown in  ta b le  ( 3 . 2 1 ) .
Table 3 « 21 M onosaccharide components id e n t i f ie d  as t h e i r  a l d i t o l
a c e ta te s  by g . l . c .  and g . l . c . - m .s .  a f t e r  d e su lp h a tio n  w ith  
th io n y lc h lo r id e  and m éth y la tio n  w ith  diazom ethane o f th e  
e th an o l so lu b le  f r a c t io n  o f fucan-X .
R e te n tio n  tim e^ M onosaccharide components
1 .85 f r e e  fucose ( v . l . )
1 . 3 8 2-0-m ethyl fucose  ( l)
1.55 3-0-m ethyl fucose  ( l)
1.61 4-0-m ethyl fucose  ( l)
0 . 8 9 2 ,4-di-O-HUethyl fucose  ( l)
6 . 1 5 f r e e  xy lose  (m)
9 .5 f r e e  g a la c to se  ( v . l . )
^ R e ten tio n  tim es o f (m ethylated) a l d i t o l s ,  as t h e i r  a c e ta te s ,
r e l a t iv e  to  1,5 d i-0 -a c e ty l-2 ,3 ,4 » 6 - te tr a -0 -m e th y l-R -g ln c ito l  (TMG)
v . l .  = v e ry  la rg e  peaks, 1 = la rg e  peaks, m = medium peaks.
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These r e s u l t s  re v e a l th a t  th e  fucose u n its  of a p o r tio n  o f  th e  fucan  
macromolecules re  su lp h a ted , th e  e s te r  su lphate  group b e in g  
s i tu a te d  a t  C-2, C-3 and a t  C-4- A la rg e  amount o f  fu co se  u n i ts  a re  
a lso  u n s u b s t i tu te d  by su lp h a te  groups as evident from th e  p resence  o f 
a la rg e  peak o f  unm ethylated  fucose although th e se  could  have been 
during th e  m ild  h y d ro ly s is .  The g a lac to se  and xy lose  u n i t s  o f 
th is  p o r tio n  o f  th e  * fucan* a lso  appear to  be f r e e  o f  su lp h a te  g roups. 
These r e s u l t s  ag re e  w ell w ith  p rev ious f in d in g s , because ev idence fo r  
th e  p resence  o f  su lp h a te  groups on monosaccharide u n i ts  o th e r  th an  
fucose has no t been  re p o r te d  so f a r  in  th e  m a jo rity  o f  th e  fucans 
although in  th e  case  o f s% rgassan which has a very  h ig h  g a la c to se  c o n ten t, 
some su lp h a te  was re p o rte d  to  be on th e  g a lac to se  u n i t s .
Exam ination o f th e  in so lu b le  m a te ria l (p r e c ip i ta te  735 mg) recovered  
from th e  m ild  h y d ro ly s is  re v ea led  th e  presence o f s im ila r  mono­
sacch arid e  components to  th o se  observed in  th e  o r ig in a l  fucan-X , 
however th e  in s o lu b le  m a te r ia l was found to  co n ta in  more su lp h a te  and 
u ron ic  a c id  th a n  th e  p a ren t fu can . The p ro p e r tie s  o f  th e  d i f f e r e n t  
f ra c tio n s  a re  shown in  ta b le  3 . 2 2
Table 3» 22 P ro p e r t ie s  o f th e  d if f e r e n t  f r a c t io n s  o f * Pavlenko* 
t r e a te d  fucan-X .
Uame o f  th e  f r a c t io n  ^  carbohydrate  ^  su lp h a te  ^  u ro n ic  a c id
con ten t content co n ten t
O rig in a l m a te r ia l  
(fucan-X)
Ethanol i n s o lu b le , 
mat e r i a l  
(p r e c ip i ta te )
E thanol so lu b le  








11.6 not determ ined
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I t  appears from th e  above r e s u l t s  th a t  th i s  method o f d e su lp h a tio n  and 
m éthy la tion  i s  no t s u i ta b le  as a  to o l  fo r  s t r u c tu r a l  s tu d ie s  o f th e  
’fu can s’ ; because i t  excludes c a . 30^  o f th e  po ly sacch arid e  
(p re c ip i ta te )  which might have p layed  an im portant ro le  in  th e  
s t ru c tu re  o f th e  o r ig in a l  p o ly sac c h a rid e . The o r ig in a l  w orkers 
com pletely  ignored  t h i s  f r a c t io n  nor d id  th e y  determ ine th e  su lp h a te  
con ten t o f th e  s o lu b le  m a te r ia l a t  d i f f e r e n t  s tag es  o f th e  
experim ent. Complete d e su lp h a tio n  o f  th e  p resen t ’fu can ’ by t h i s  
method was not ach ieved  as 6^ su lp h a te  was p re sen t in  th e  f i n a l  
product and consequen tly  t h i s  makes a cc u ra te  conclusions o f th e  
r e s u l t s  im p o ssib le . I t  appears  th a t  th e  r e s u l t s  re p o rte d  by 
Pavlenko e t a l  should  be viewed w ith  co n sid erab le  c a u tio n .
3. 7.23 M éthy la tion  o f a lk a l in e  desu lphated  ’fu can s’ by Hakomori
method
In  o rd e r to  d isco v e r th e  p o s it io n  o f a lk a l i  l a b i l e  su lp h a te  
group in  th e  fucan  m olecule and to  determ ine th e  s t r u c tu r a l  r e la t io n s h ip  
o f th e  D ic ty o p te r is  ’ fu can ’ w ith  o th e r  ’ fu can s’ from d i f f e r e n t  brown 
seaweeds m é th y la tio n  was c a r r ie d  out by Hakomori method (expt 6 . 13) 
Follow ing ta b le s  show th e  p a r t i a l l y  .m ethylatedy^alkaline d esu lp h a ted  
fu can s . They were c h a ra c te r is e d  as t h e i r  a ld i to l  a c e ta te s  by g . l . c .  
and g . l . c . - m .s .
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Table 3» 25 P a r t i a l l y  m eth y la ted  monosaccharide components in
th e  h y d ro ly s a te s  o f  m e th y la ted  a lk a l in e  d e su lp h a te d  
fucan-A  (DSF-A) (one m é th y la tio n )
R e te n tio n  tim e  M onosaccharides c h a ra c te r i s e d
fu co se^TMG^
1,43 2-0-m ethyl fucose ( l)
1.97 U nm ethylated  fucose ( l)
1.10 2 ,3 -d i-£ -ine thy l fucose (m)
0 .63  2 ,3 ,4 -tr i-O -m eth y l fucose (s)
1.76 3-0-m ethyl fucose (s)
0.71 3 ,4-(ii-2-m ethyl fucose (s)
xylose
0 .57  2 ,3 ,4 -tr i-O -m eth y l xy lose
1.15 2 ,3-di-O -m ethyl xy lose
3.57 Unmethylated xylose
g a lac to se
3 .2  2 ,6-di-O -m ethyl g a lac to se  ( l)
1.20 2 ,3 ,4 ,6 - t e t ra-O -m ethyl g a la c to se (s )
5 .0  2 ,4-d.i-rO-methyl g a lac to se  (s)
mannose
4.26 2 ,4-d.i-O-methyl mannose (m)
2.12 2 ,3 ,4 -tr i-O -^ n e th y l mannose (s)
R eten tio n  tim e r e l a t i v e  to  1,5 d i-O -nacetyl-2 ,3 ,4 ,6 -te tra -O -m e th y l-  
D -g lu c ito l
1 = la rg e , m = medium, s = sm all peak s.
The above p a r t i a l l y  m ethy la ted  m onosaccharides were a lso  id e n t i f i e d  
from th e  tw ice m ethy la ted  sam ples. From a comparison o f . th e  m ethy la ted  
r e s u l t s  o f th e  su lp h a ted  and a lk a l in e  desu lphated  fucans i t  can be 
concluded th a t  th e  a l k a l i  l a b i l e  su lp h a te  group o f th e  fucan  i s  p re sen t 
a t  C-2 o f th e  fucose  m olecule, as th e  p ro p o rtio n  o f  2-0-m ethyl fucose
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has been in c reased  in  th e  d esu lp h a ted  m ethylated  p ro d u c t. The
appearance o f 2 ,3-di-O -m ethyl fucose  in  th e  desulphated  fucan a lso  
supports  th i s  co n c lu s io n . These r e s u l t s  a lso  in d ic a te  th a t  su lp h a te  
i s  not p re sen t in  o th e r  m onosaccharide u n i ts  o f th e  fucan m olecule as 
th e  p a r t i a l l y  m ethy lated  x y lo se , g a la c to se  and mannose were id e n t ic a l  
in  bo th  th e  su lp h a ted  and d e su lp h a ted  fu can .
The m éth y la tio n  r e s u l t s  confirm  th e  conclusion  made from th e  
r e s u l t s  o f th e  a lk a l in e  d e su lp h a tio n  o f th e  ’ fucan* in  th a t  th e  
a lk a l i  l a b i l e  su lp h a te  group i s  p re sen t on C-2 o f th e  fucose u n it  
o f th e  fucan .
To a s c e r ta in  w hether th e  above conclusion  a lso  ap p lie s  to  th e  
o th e r  fucans in v e s t ig a te d  p re v io u s ly  in  t h i s  la b o ra to ry , a lk a l in e  
d esu lp h a ted  fucans from H im anthalia  lo re a  and E ifu rc a r ia  b ifu rc a ta  
were a lso  m ethylated  by th e  Hakomori method. The p a r t i a l ly  m ethy la ted  
m onosaccharide id e n t i f ie d  in  th e  p roduct o f once and tw ice m ethy lated  
a lk a l in e  desu lphated  fucan  hydro ly s a te s  from H im anthalia lo re a  
(DSF-H) and E ifu rc a r ia  b i f u r c a ta  (DSF-E) were very  s im ila r  and a re  
ta b u la te d  below.
Table 3» 24 P a r t i a l l y  m ethy la ted  m onosaccharide components in  th e
h y d ro ly sa tes  o f  m ethy la ted  DSF-H and ESF-E c h a ra c te r is e d
by g . l . c .  and g . l . c . ma.s .  as t h e i r  a ld i to l  a c e ta te s
R e te n tio n  tim es  M onosaccharide components
R ^TMG fu co se
1 .43 2 -0 -m eth y l fu co se  ( l )
1.92 unm ethylated fucose ( l)
1.10 2 , 3 -d i-O -m ethy l fu co se  (m)
1,68 ,3-0-m ethyl fucose (s)
0 .6 3  .2 ,3 ,4-tri-O^-m ethyl fucose (s)
1.22 '3 ,4 -d i-O -m e th y lfu c o se  (s)
xylose
0 . 5 6  ' 2 ,3 ,4 - tr i -O -m e th y l  xy lo se
1 . 18  2 , 3 -d i-O -m ethy l x y lo se
3 . 3 2  u n m eth y la ted  x y lo se
^ R e ten tio n  tim e r e la t iv e  to  1,5 d i-0 —a c e ty l 2 ,3 ,4 ,6 -t e t ra -0 —methyl g lu c i to l  
1 = la r g e ,  m = medium, s = sm all p eak s .
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Comparison o f th e  r e s u l t s  o f  th e  m ethy la ted  a lk a l in e  desulphated
fucans from H im anthalia lo re a  and E i fu rc a r ia  b ifu rc a ta  w ith  th o se  o f th e  
119su lp h a ted  ones in d ic a te  th a t  2 , 3-di-O -m ethyl fucose i s  p resen t 
in  th e  m éth y la tio n  p roducts o f a lk a l in e  desu lpha ted  fucans on ly .
I t  a lso  shows th a t  th e  peak s iz e  o f  3-0-Hnethyl fucose decreases 
c o n sid e rab ly  r e la t iv e  to  th a t  o f  th e  su lp h a ted  fucan . I t  is  th e re fo re  
concluded th a t  th e  2 ,3-d .i-0-m ethyl fucose  re s u l te d  from th e  fucose 
u n i ts  lin k e d  through 0-1 and C-4 and su lp h a ted  a t  C-2, th e reb y  
confirm ing th e  s im i la r i ty  o f th e  ’ fucan* from D ic ty o p te ris  piagiogramma 
w ith  th e  fucans from o th e r brown seaw eeds.
3 .-8 Conclusion
The o v e ra ll  r e s u l t s  from th e s e  s tu d ie s  re v e a l th a t  sp ec ies  o f 
brown seaweed from d if f e r e n t  f a m il ie s  and v ery  d if f e r e n t  m orphological 
form a l l  sy n th es ise  th e  same p o ly sa c c h a r id e s , namely lam inaran, 
fucose co n ta in in g  p o ly sacch arid e  and a lg in ic  a c id  and th e  only  
d isce rn a b le  d if fe re n c e  i s  in  th e  p ro p o r tio n  o f th e se  m a te ria ls  in  th e  
d i f f e r e n t  s p e c ie s . The fucose  c o n ta in in g  po ly sacch arid es  from each o f 
th e  sp ec ie s  examined so f a r  com prise a b road  spectrum  of p o ly sacch a rid es , 
a l l  based on a s im ila r  s t r u c tu r a l  p a t te r n ,  bu t w ith  d if f e r e n t  
p ro p o rtio n s  o f e s te r  su lp h a te , u ro n ic  a c id , x y lo se , g a lac to se  and in  
some cases mannose.
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CHAPTER 4 IHVESTIGATIOH OP THE RESIDUAL MATERIAL AFTER AQUEOUS 
AND ACID EXTRACTION OF D esm arestia  firm a AND OF THE 
ALGINATE FROM D. l i g u l a t a  and D. firm a BY DIRECT 
ALKALI EXTRACTION OF THESE WEEDS.*
4^1 The genus D esm arestia belongs to  a  sm all fam ily  Desmare s t ia c e a e .
A ll th e  sp ec ie s  of D esm arestia a re  conspicuous p la n ts ,  o f te n  growing 
to  s e v e ra l f e e t  in  le n g th . The sp e c ie s  o f  D esm arestia a re  found 
a tta c h e d  to  s to n es  and rocks in  th e  sea  below low w ater mark and 
th e re fo re ,  c o l le c t io n  can only  be ach iev ed  by d iv e r s .  D esm arestia 
l ig u la t a  fo r  in s ta n ce  i s  found on th e  rocky bottom o f submarine t id e  
p o o ls , n e a r  low w ater mark and a t  g r e a te r  d ep th . Two o f th e  fo u r 
B r i t i s h  sp e c ie s , D esm arestia a c u le a ta  and D esm arestia  l i g u l a t a , though 
seldom seen  growing, a re  f re q u e n tly  washed up and can be c o lle c te d  from 
f lo a t in g  d r i f t  weed. D esm arestia v i r i d i s  i s  le s s  common and th e  fo u r th  
sp ec ie s  D esm arestia  firm a i s  not a  B r i t i s h  seaweed, i t  was h a rv ested  
below low t i d e  on th e  coast to  th e  e a s t  o f  Capetown, South A fr ic a .
, A cu rio u s  fe a tu re  o f th i s  group i s  th a t  some o f i t s  members 
decompose w ith  rem arkable r a p id i ty  when brought in to  co n tac t w ith  th e  
a i r ,  changing to  a b r ig h t v e rd ig r is  c o lo u r , and q u ic k ly  r o t t in g  o th e r 
seaweeds c a r r ie d  in  th e  same c o n ta in e r . I t  has been re p o rte d  th a t  
some D esm arestia  sp ec ies  con ta in  much su lp h u ric  a c id  in  th e  vacuo lar 
s a p . ( A m o n g  th e  sp ec ies  in v e s t ig a te d  i t  was shown th a t  D esm arestia 
a c u le a ta  dqes not co n ta in  su lp h u ric  acid^^^* . The presence o f f r e e  
su lp h u ric  a c id  in  some species  o f D esm arestia  i s  th e  main reason  fo r  th e  
in t e r e s t  in  th e  p re sen t work. One o f th e  o b je c ts  be in g  to  e s ta b l is h  
i f  th e  presence  o f f r e e  su lp h u ric  a c id  in  th e  a lg a  causes th e  sy n th es is  
o f d i f f e r e n t  carbohydrates from th o se  norm ally  m etabo lised  in  brown a lg a e .
* This work was a  p a r t  o f a p u b lic a t io n  which appeared in  Phytochem istry  
17 (1978) 1289- 1292.
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Among th e  sp e c ie s  o f th e  genus D esm arestia  o n ly  D. a c u le a ta ^^^*
161and D. l i g u l a t a  have been p re v io u s ly  in v e s t ig a te d  chem ically .
A p re lim in a ry  in v e s t ig a t io n  on D esm arestia  firm a  has a lso  been c a r r ie d
. 161o u t .
The D. firm a  sample in v e s t ig a te d  in  t h i s  work was c o lle c te d  by 
Mr R Simon, The Department o f Botany, U n iv e rs ity  o f Capetown from below 
th e  low w ater t i d e  mark (a t 10 m depth) on 27th  March, 1975*  The 
weed was f re e z e  d r ie d  im m ediately a f t e r  c o l le c t io n  and s to re d  in  a 
deep f re e z e  f o r  about a  year b e fo re  chem ical in v e s t ig a t io n  was undertaken. 
E a r l i e r  work from th i s  laboratory"*^^ had in v e s t ig a te d  th e  
carbohydrates o f th e  brown seaweed D esm arestia  l ig u l a t a  by seq u en tia l 
e x tra c t io n  w ith  e th an o l, w ater, d i lu te  a c id  and a lk a l i  and a lso  th e  
’fucarl* and a lg in ic  a c id  ob ta ined  by d i r e c t  a l k a l i  e x tra c t io n .
D esm arestia  firm a  had a lso  b e e n .e x tra c te d  w ith  e th an o l, w ater and a c id .
The approxim ate percen tage  y ie ld s  (o f th e  d ry  w eight o f weed) o f th e  
d i f f e r e n t  p o ly sacch a rid es  a re  g iven  in  th e  t a b le  4»1*
Table 4«1
Approximate percen tages o f  th e  dry. w eight o f th e  po lysaccharides 
i s o la te d  from two sp ec ies  o f D esm arestia
Species Laminaran Fucan A lg in ic  a c id
D. l i g u l a t a 0 .08 5 .5 19 (16)*
D. firm a 1.8 1. 9'^ 23 ( 17)
*
F ig u res  in  th e  p a re n th e s is  in d ic a te  th e  p e rcen tag e  o f a lg in ic  ac id  
from th e  s e q u e n tia l  a lk a l i  e x t r a c t .  ;
^  * Fucan’ d e riv ed  from aqueous and a c id  e x tr a c ts  o n ly .
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In  view o f th e  very  low y ie ld  of ’ fu can ’ from D. firm a i t  was 
decided to  in v e s t ig a te  th e  re s id u a l  m a te ria l rem ain ing  a f t e r  aqueous 
and a c id  e x tr a c t io n  and a lso  to  e x tra c t  th i s  weed d i r e c t l y  w ith  a l k a l i .  
D irect a l k a l i  e x tra c t io n  o f D. l ig u la ta  was a lso  c a r r ie d  out a f t e r  
n e u t r a l i s a t io n  o f th é  f r e e  su lp h u ric  ac id  hy a new method w ith  
tr ie th y la m in e . P a r a l le l  experim ents hy n e u t r a l i s a t io n  w ith  s a tu ra te d  
aqueous calcium  carbonate  were a lso  perform ed.
412 The e x tra c t io n  o f th e  re s id u a l  m a te ria l rem aining a f t e r  
seq u e n tia l e x tr a c t io n  o f th e  d ry  weed w ith  e th an o l, aqueous calcium  
ch lo rid e  and d i lu te  h y d ro ch lo ric  a c id  was c a r r ie d  out w ith  d i lu te  
a lk a l i  a cc o rd in g  to  th e  flow  c h a rt 4«1«
Experiment 4»? , -(Alkali e x tra c t io n
The wet re s id u e  (from 50g d ry  weed) a f t e r  e th an o l, aqueous and 
a c id ic  e x t r a c t io n  was e x tra c te d  w ith  3^ Na^CO^ acco rd in g  to  th e  flow  
chart 4-1* The combined e x tr a c ts ,  a f t e r  co n cen trâ t io n  [200 m3), were 
poured in to  e th an o l (1 L) and a f t e r  be ing  l e f t  overn igh t th e  de riv ed  
p r e c ip i ta te  was c e n tr ifu g e d  o f f .  The su p ern a tan t was co n cen tra ted , 
d ia ly sed  and f re e z e  d r ie d .  A g reen ish  s o l id  was o b ta in ed  (730 mg) . 
Carbohydrate co n ten t 4^« This was te s te d  f o r  4,5-i^iJ^a'turated a c id
[GM2.7.5 ] '
The e th an o l p r e c ip i ta te  was a i r  d r ie d , re d is so lv e d  in  w ater and 
d ia ly sed  f o r  3 d ay s . The s o lu t io n  was th en  made up to  a c o n ce n tra tio n  
of about 1^ a lg in ic  a c id  based on th e  weight o f th e  a i r  d r ie d  m a te r ia l .  
Calcium c h lo r id e  was added slow ly  w ith  s t i r r i n g  to  a  f in a l  c o n ce n tra tio n  
o f 2^ CaClg, d u rin g  which p r e c ip i ta t io n  of calcium  a lg in a te  was com plete, 
This g e la tin o u s  p r e c ip i ta te  was cen tr ifu g e d  o f f ,  washed w ith  d i lu te
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Flow c h a r t 4-1 E x tra c tio n  procedure o f th e  r e s id u a l  m a te r ia l  from 
D esm arestia  firm a .
Wet re s id u e  (from $0 g  d ry  a lga)
A lk a li  e x tr a c t io n
E x trac t
(a) d ia ly se d  
(h) co n cen tra ted  
(c) E tOH added
Residue (22 g)
Supernatant
(730 mg; g reen ish  
so lid )
P r e c ip i ta te
(a) d is so lv e d  in  
HgO (2 .5  1)
(b) p re c ip i ta te d  w ith  
CaClg.
f i n a l  cone ent raj; ion  
o f  CaClg ■■'- (2^
P re c ip i ta te
(suspended in  HgO and 
fre e z e  d ried )
calcium  a lg in a te
(8 .6  g)
Supernatant
(a) d ia ly sed
(b) f re e z e  d r ie d  
'fu c a n *-8 950 mg
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calcium c h lo r id e  and w a te r , and f re e z e  d rie d  to  a fawn powder (8 .6  g) . 
The su p ern a tan t was d ia ly se d  t i l l  c h lo rid e  f r e e  and f re e z e  d r ie d  to  a 
white s o l id  (950 mg) h e r e in a f te r  c a l le d  th e  ' f u c a n ' -  S*
The re s id u e  (22 g) a f t e r  t h i s  e x tra c tio n  was not examined f u r th e r .
I n v e s t ig a t io n  o f ' fu c a n '- s  
Experiment 4»2>2 Com position o f 'f u c a n '- s
. A p o r tio n  o f th e  'f u c a n '- s  (25 mg) was hydrolysed  [(M 2 .3 .,1 ' ] ;  
and th e  h y d ro ly sa te  was examined f o r  th e  component m onosaccharides hy 
paper chrom atography [CM ^ ,4 ^ 1  a ,h ,c ]  and [CM 2 . 3 .  1 - 2 . 5 .  4 • '1- 
An a liq u o t o f th e  hydro ly s a te  was examined hy paper io n o p h o resis  
t® 5 2 ,4 ,-2  b u f fe r  b and c] ( f o r  r e s u l t s  see page 174)
Experiment 4 ^ 2 . “A ttem pted  f r a c t io n a t io n  o f th e  'f u c a n '- s  by 
po lyacry lam ide  g e l e le c tro p h o re s is  
The Shandon SAE-2734 a n a ly t ic a l  polyacrylam ide e le c tro p h o re s is  
apparatus was u sed . The 'f u c a n '- s  (5 mg) in  w ater ( l  ml) was shaken 
v ig o ro u sly  to  ach iev e  com plete d is s o lu t io n .  An a liq u o t (lO O /(l) o f 
th i s  s o lu tio n  was a p p lie d  to  each tube  of polyacrylam ide g e l (8 tu b es  
in  a l l )  . S tack in g  was done by ap p ly in g  5mA p e r  g e l tu b e  f o r  20 m in u tes . 
The run was con tinued  f o r  5^ min a t  40 mA. S ta in in g  was w ith  e i th e r  
to  lu i  dine b lu e , p e r i  o d a te - f  us ch in  s t a i n  or coomasie b lu e . Shandon 
general in s t r u c t io n s  were fo llow ed  f o r  th e  p re p a ra tio n  o f  th e  ge l 
column (see  page175a-nd f ig u re  4» l) *
Experim ent4 3 4  A n a ly tic a l u l t r a c e n t r i f u g a t io n  of th e  ' fu c a n s '  ,
The 'f u c a n '- s  a lo n g  w ith  th re e  o th e r  samples o f 'f u c a n s ' namely 
those  from H im anthalia  lo r e a , d i r e c t  a lk a l in e  e x tra c te d  'f u c a n ' o f 
D. firm a and o f D. l i g u l a t a , were su b jec ted  to  u l t r a c e n t r i f u g a t io n  as 
a  f^o s o lu tio n  in  0 .1  M-KCl. The a n a ly s is  was c a r r ie d  out on a Spinco
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Model-E a n a ly t ic a l  u l t r a c e n t r i f u g e , u s in g  a n a ly tic a l-D  (An-D) R otor 
a t a c e n tr ifu g a l  fo rc e  o f 259»700 g . The re a c tio n  was fo llow ed  hy 
photographs ta k en  o f  th e  r e a c t io n  m ixture a t  tim e in te r v a ls  (see  page 177-7
Experiment^. 23  D e term ination  o f th e  'fu c o se  content '  o f fucan
The fucose co n ten t o f ' fu c a n s '  from th e  a lk a l i  e x tra c t  o f
Desm arestia firm a  a lo n g  w ith  two o th e r  ' fu can s '  ob ta ined  from d ir e c t
a lk a lin e  e x tra c t io n  o f  firm a and D. l ig u la ta  as w ell as 'f u c a n ' o f
known fucose co n ten t from H im anthalia  lo re a  was determ ined by th e
method o f Hi col e t and Shinn"'^'^ w ith  a  m o d ifica tio n  o f Cameron, Ross 
195and P e rc iv a l . As re p ro d u c ib le  r e s u l t s  were not ach ieved  w ith  a
sample o f 'f u c a n ' o f  known fucose con ten t a  f u r th e r  m o d if ic a tio n  o f 
the  method was made c o n s id e rin g  th e  fo llo w in g  f a c t s .
I .  S ulphuric  a c id  ( 2 .5 ^ »  5 ml used in  th e  o r ig in a l  work f o r  
hy d ro ly sis  might no t be s tro n g  enough to  hydrolyse th e  'f u c a n ' com ple te ly .
I I .  The amount o f  p e r io d ic  a c id  added might not be s u f f ic ie n t  to  
ox id ise  a l l  th e  fu co se  o b ta in ed  from th e  h y d ro ly s is  o f  'f u c a n '.
I I I .  A co n sid e rab le  amount o f fucose  might be degraded du rin g  
h y d ro ly s is .
Keeping th e se  f a c t s  in  mind l a t e r  experim ents were c a r r ie d  out 
by hydro lysing  th e  'f u c a n ' w ith  M-HgSO^ and th e  amount o f p e r io d ic  
ac id  was doubled . An experim ent was a lso  c a r r ie d  out to  in v e s t ig a te  
th e  degradation  o f  fu co se  ( i f  any) by a c id  h y d ro ly s is , i t  was observed 
th a t  no co n sid e rab le  d eg rad a tio n  occurs under th e  co n d itio n s  o f 
h y d ro ly s is  u sed . The c o rre c t  f ig u re  fo r  th e  'fu c a n ' o f known fucose 
content was o b ta in e d . So th e se  m o d ifica tio n s  were used f o r  th e  ' fu c a n s ' 
fo r  which th e  fucose  co n ten t was no t known. The fucose con ten t o f th e
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powdered weed o f D. l i g u l a t a  and D. firm a was a lso  determ ined by 
th i s  method. (R esu lts  a re  shown in  ta b le s  4*2 and 4*3) •
Experim ent4 ' 26 C onversion o f calcium  a lg in a te  in to  sodium a lg in a te  
The calcium  a lg in a te  (8 .6  g) (Expt 4 .  2*l) was converted in to  th e  
sodium s a l t  fo llo w in g  th e  experim en tal procedure d e ta i le d  in  
experiment 3 . 4 . 5  PQ.ge66 . .
Experiment4.2J. I n v e s t ig a t io n  o f  th e  sodium a lg in a te  from se q u e n tia l  
a lk a l i  e x tra c t
An a liq u o t o f th e  sodium a lg in a te  (25 mg) was hydrolysed and 
in v e s t ig a te d  by paper chrom atography [(M 2. 4 .1 /  a and b an d 2 , 1 > 2 .  5 • 2] 
and by ionophoresis  [(M 2 . 4 . 2  c ] . The v is c o s i ty  of a 1^ aqueous 
sodium a lg in a te  s o lu tio n  (25 ml) was measured a t 25°C in  an Ostwald 
c a p i l la r y  v iscom eter ( f o r  r e s u l t s  see page 181) .
Experiment438u' D ire c t a lk a l in e  e x tra c t io n  o f a lg in ic  a c id  from 
D esm arestia  firm a  and D esm arestia l ig u la ta  
Two p a r a l l e l  e x tra c t io n s  were c a r r ie d  out fo r  each of th e  above 
a lg a e . In  one o f th e  e x tra c t io n s  f r e e  su lp h u ric  ac id  p re sen t in  th e  
a lg a  was n e u tra l is e d  w ith  tr ie th y la m in e  and in  th e  o th e r n e u t r a l i s a t io n  
was c a r r ie d  out w ith  s a tu ra te d  calcium  carbonate .
(a) n e u t r a l i s a t io n  w ith  tr ie th y la m in e
The d rie d  weed (10 g) was soaked w ith  80^ e thano l, s t i r r i n g  
co n tin u o u sly . T rie thy lam ine  (1 ml) was added to  keep th e  pH range 
o f th e  s o lu tio n  n e u t r a l .  S t i r r i n g  was continued fo r  2 h and th e  
aqueous e thano l c e n tr ifu g e d  ,o ff ; th e  re s id u a l weed was ag a in  e x tra c te d
I
fo r  1 h w ith  80^ e th an o l, add ing  a  few drops o f tr ie th y la m in e  to  keep 
th e  s o lu tio n  n e u tr a l ,  th e  su p e rn a tan t was decanted o f f .
(b) n e u t r a l i s a t io n  w ith  s a tu r a te d  calcium  carbonate
The dry  weed (5*5 g) was ta k en  in  a  beaker and s o l id  calcium  
carbonate  powder was sp r in k le d  on i t .  The weed was th en  covered w ith
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w ater and s t i r r e d  v ig o ro u s ly ; a d d it io n  o f calcium  carbonate was 
continued  t i l l  th e  m ixture became perm anently  n e u tra l (1 h) .
A fte r  n e u t r a l i s in g  th e  weed in  th e  above ways, e x tra c tio n  o f 
th e  a lg in ic  a c id  was c a r r ie d  ou t as fo llo w s .
E x tra c tio n  o f tr ie th y la m in e  t r e a te d  weed (D. firm a)
To th e  tr ie th y la m in e  t r e a t e d  and powdered weed (10.2 g) a s o lu t io n  
o f 1 .8^ fo rm alin  was added, s t i r r e d  f o r  a  minute and th en  l e f t  f o r  
30 m inu tes. The su p e rn a tan t was decan ted  o f f  and w ater (300 ml)
■|t,
was added to|\^the pH o f th e  m ix tu re  was found to  be 6 .8 . To t h i s  
m ixture s o l id  HagCO  ^ (3 .O g) and a 10^ HaOH so lu tio n  (3 ml) were added 
and th e  m ixture was kept a t  6 0 f or  2 h under s t i r r i n g .  The 
re s id u e  was f i l t e r e d  o f f  and th e  s o lu tio n  n e u tra l is e d  (pH 6.8) w ith  
d i lu te  HCl and d i lu te d  to  8OO m l. Calcium ch lo rid e  was added under 
s t i r r i n g  to  a  f in a l  c o n c e n tra tio n  o f 2^ during  which p re c ip i ta t io n  o f 
calcium  a lg in a te  was com plete. The calcium  a lg in a te  was c e n tr ifu g e d  
o f f  and washed w ith  d i lu te  calcium  c h lo rid e  s o lu t io n . The calcium  
a lg in a te  was suspended in  w a te r and f re e z e  d r ie d  (A lg in a te -1 , 2.1 g) . 
The su p ern a tan t was d ia ly se d  f o r  3 days and th en  free ze  d rie d  fucan—1 
0.240 g) . The re s id u a l  weed was e x tra c te d  th re e  tim es w ith  a  3^
Ha^CO  ^ s o lu tio n  (3OO ml) a t  70° f o r  3 h each tim e . The combined 
so lu tio n s  were n e u tra l is e d  (pH = 6 .8) w ith  d i lu te  HCl. This s o lu tio n  
was t r e a te d  as d esc rib ed  above and gave calcium  a lg in a te  (A lg in a te -2 , 
423 mg and fu can -2 , 102 mg).
E x tra c tio n  o f calcium  carbonate  t r e a te d  weed (D. firm a) .
The calcium  carbonate  t r e a te d  weed was a lso  e x tra c te d  s im i la r ly  ■ 
as d esc rib ed  above^ th e  y ie ld  from 5 g o f th e  weed in  d if f e r e n t  e x tra c ts  
was as fo llo w s;
A lg in a te -1  = 1.13 g F ucan-1 = I I 8 mg
A lg in a te -2  = 89 mg Fucan-2 = 3 mg.
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E x tra c tio n  o f tr ie th y la m in e  and calcium  carbonate  t r e a te d  D. l ig u la ta  
P o rtio n s  (10 g each) o f D. l i g u l a t a  were t r e a te d  se p a ra te ly  w ith  
tr ie th y la m in e  and w ith  s a tu r a te d  calcium  carbonate  and e x tra c te d  
s im i la r ly  as fo r  D. firm a. The y ie ld s  o f  th e  d i f f e r e n t  e x tra c ts  
from tr ie th y la m in e  t r e a te d  and calcium  carbonate  t r e a te d  weed a re  
as fo llo w s:
T riethy lam ine  t r e a te d
A lg ina te -1  = I . I 6 g,
F ucan-1 = 114 mg
A lg in a te -2  = 78O mg 
Fucan-2 = 74 mg
S a tu ra te d  calcium  carbonate t r e a te d
A lg ina te-1  = 1.19 S  
F ucan-1 = 110 mg
A lg in a te -2  = 741 mg 
Fucan-2 = 83 mg
Experim ent4 2 9 Examination o f  th e  a lg in a te s
The d i f f e r e n t  samples o f a lg in a te s  o b ta in ed  by th e  above 
e x tra c t io n  methods were p u r i f ie d  and converted  in to  sodium s a l t s  
fo llo w in g  th e  method adopted in  e x p t. 3 . 4*5 ch ap te r 3 (p «66 ) and a l l  
th e  a lg in a te s  were hydro lysed  and th e  h y d ro ly sa te s  analysed  by paper 
chromatography and paper io n o p h o res is  as d esc rib ed  in  experiment 7*
The v is c o s i ty  o f f^o aqueous sodium a lg in a te  so lu tio n s  were measured 
a t  25°C. (see  page 1 8 2 , ta b le  4*4) •
Experim ent4.2.1 & Composition o f ' fu c a n s ' from d ir e c t  a lk a l in e  e x tra c t io n  
The fucans (fu c a n -1 and fucan-2 ) ob ta in ed  from each weed by th e  
d ire c t  a lk a l in e  e x tra c tio n  method (e x p t. 8) were in v e s t ig a te d  a f t e r  
h y d ro ly s is  by paper chrom atography [(M 2 . 4 .1  (a and b) , 2 .  5 .1 —2 . 5 .  4  ]  . 
a n d  by g . l . c .  a f t e r  co n v ertin g  in to  a l d i t o l  TMS d e r iv a tiv e s  
[cm 2 . '6 . 1 , 2 ' . 6 . . 2 ( i i )  ; ' ] and by ion o p h o resis  [CM 2 . 4 . 2  (b and c) ] .  
The carbohydrate  content [(3 /2 .7 .1 , th e  su lp h a te  con ten t [(M 2 . 7 . 3  ; 1 
and th e  u ro n ic  a c id  content were a l l  determ ined .
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4*3  R esu lts  and d iscu ss io n
As a lre a d y  mentioned on ly  th e  a lk a l in e  e x tra c t  o f th e  hesm arestia  
firm a has heen in v e s t ig a te d  in  d e t a i l  in  th e  p re sen t work, chemical 
in v e s t ig a t io n  o f th e  carbohydrates o f  o th e r  e x tra c ts  namely 80^ e th an o l,
co ld  and hot w ater and d i lu te  a c id  e x tr a c ts  was c a r r ie d  out p rev io u s ly  
and has been re p o rte d  elsew here
4 . 3 •  1 The secfuen tia l a lk a l in e  e x tra c t
The e th an o l so lu b le  g reen ish  s o l id  (1 .4 ^  o f th e  d ry  weed) 
(expt4*'2*l) was thought p o s s ib ly  to  co n ta in  some degraded a lg in ic  
a c id .  This was te s te d  as fo r  4 » 5 -u n sa tu ra ted  acid^^^ which gave a 
p o s i t iv e  r e s u l t ,  th e reb y  in d ic a t in g  th e  p resence  o f degraded a lg in ic  
a c id . I t s  carbohydrate con ten t was on ly  4^ and i t  was th e re fo re , not 
in v e s t ig a te d  any f u r th e r .  The ’ fucan* (c a . 2^ o f th e  dry  weight of 
th e  weed) sep a ra ted  from th e  a lg in ic  a c id  was su b jec te d  to  fu r th e r  
in v e s t ig a t io n .
4 .3 * 2  Composition o f th e  *fucan*-s from se q u e n tia l  a lk a l i  e x tra c t
The chrom atographic in v e s t ig a t io n  (expt42^ 2) o f th e  *fucan*-s 
h y d ro ly sa te  rev ea led  th e  p resence  o f  a  component o f slow chrom atographic 
m o b ility , a long  w ith  g a la c to se , x y lo se  and fu c o se . In  comparison w ith  
th e  slow moving spot th e  fucose spo t was v e ry  f a i n t .
In  view o f th e  sm all p ro p o r tio n  o f  fu co se , i t  was necessary  to  
determ ine i f  th e  u ro n ic  a c id  (slow  moving spo t) was derived  from th e  
*fucan* o r from contam inating low m olecu lar w eight a lg in ic  a c id .
The io n o p h o re tic  s tu d ie s  of th e  ’ fucan* ; h y d ro ly sa te  u s in g  b o ra te  
b u f fe r  in  th e  presence o f calcium  io n  (pE 9 .2 ) rev ea led  th e  presence 
o f  mannuronic a c id  as th e  major component o f  th e  hydro ly s a te , thereby  
confirm ing  th e  contam ination w ith  a lg in ic  a c id .
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4 .3 * 3  Attem pted f r a c t io n a t io n  o f th e  *fucan*-8 by po lyacry lam ide gel 
e le c tro p h o re s is
In  o rd e r to  sep a ra te  th e  *fucan*-s from con tam inating  low 
m olecu lar weight a lg in ic  a c id  an a ttem pt was made to  f r a c t io n a te  th e  
crude m a te r ia l  (see  ex p t4 * ^3 ) • A f a s t  moving sharp  band was observed 
on 7*5% c ro s s - l in k e d  g e ls  which s ta in e d  w ith  p e r io d a te  fu s ch in  s ta in ;  
t h i s  i s  an in d ic a tio n  th a t  th e  p o ly sacch arid e  i s  o f low molecular 
weight as w e ll as an io n ic  a t  pH 8.5* Ho o th e r  bands were v is ib le  
( f i g .  4*1) from which i t  may be concluded th a t  th e  so c a lle d  *fucan*—s 
from th e  a l k a l i  e x tra c t  comprise m ainly low m olecu lar weight a lg in ic  
a c id , and th e  o th e r  components o f th e  p o ly sacch a rid e  a re  n e g lig ib le  
compared to  t h i s  low m olecular weight a lg in ic  a c id .  The ' fucan* 
p re sen t in  t h i s  m a te r ia l might be e i th e r  so n e g l ig ib le  as to  escape  ^
d e te c tio n  o r i t  was d iffu se d  throughout th e  g e l column.
U ltra  c e n tr i fu g a l  s tu d ie s  o f th e  d i f f e r e n t  *fu c a n s*
The *fucan*-s along  w ith  o th e r  fucans (see  exp t4*2 .4)were su b jec ted  
to  u l t r a c e n t r i f u g a l  s tu d ie s .  Only a s in g le  peak was observed fo r  th e  
*fucan*-s from th e  se q u e n tia l a lk a l in e  e x tra c t  o f H. firm a in d ic a tin g  
th e  p resence  o f one major component, th e  s va lu e  was O.98 Svedbergs, 
which su g g es ts  a  low m olecular w eight f o r  th e  sam ple. In  th re e  o th e r 
runs ’fu c a n s ’ from H im anthalia lo r e a , fucast-2 from ^  firm a ob tained  
by d i r e c t  a lk a l in e  e x tra c tio n  (expt4*2»8) and ’ fu can ’-1 from D. l ig u la ta  
(exp t4*2.8) were su b jec ted  to  in v e s t ig a t io n .  The H im anthalia ’fu can ’ 
e x h ib ite d  a  double peak corresponding  to  a t  l e a s t  two components o f 
low and m oderate m olecular w eigh t,
’Fucan’-2  ex h ib ite d  f a s t  d if fu s in g  double peak, which suggests 
th a t  a t  l e a s t  two components o f low m olecu lar weight a re  p re s e n t.
F ican -i (D. l ig u la ta )  e x h ib ite d  an unsym m etrical peak, in d c ia tin g  
th re e  o r more f r a c t io n s ,  major component had S = 2 .2 . The sample 
co n ta in s  a t  l e a s t  two low m olecular w eight components a long  w ith  some 
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4 . 5 .5  Fucose co n ten t
In  view o f  th e  fo rego ing  r e s u l t s  i t  was found n ecessa ry  to
determ ine th e  fucose content o f th e  ’fu c a n ’ ( eocpt #4^.5) . The method
194 195of M c o le t  and Shinn m odified by Cameron, Ross and P e rc iv a l
was u sed . The u nderly ing  p r in c ip le  o f t h i s  method invo lves th e
o x id a tio n  o f  th e  L-fucose w ith  p e rio d ic  a c id  whereby th e  te rm in a l-
GHOH.CH  ^ group i s  converted in to  ace ta ld eh y d e , which forms an a d d it io n
compound w ith  sodium b is u lp h i te ,  th e  amount of t h i s  compound being
estim ated  by t i t r a t i o n  w ith  io d in e  (see  e q u a tio n ) .
HIO
^6^12°5    ^  CH^ CHO
CH^ GHO + RaHSO  ^ ----------- ►  GH^GHO.RaHSO^
RaHSO  ^ + Ig + HgO ----------►  RaHSO  ^ +• 2HI
Hence, G^H^gO^ ( 164. I 6) = 2  l i t r e s  H -iodine
= 200,000 ml h/iOO io d in e .
^  „ ml h/iOO io d in e  x I 64. I 6 x 100. .  % fucose  = =/___________________________
200,000 X w eight o f sam ple.
As re p ro d u c ib le  r e s u l t s  could not be o b ta in ed  by th i s  method
( ta b le  4 . 2) M -sulphuric  ac id  and tw ice th e  amount o f  p e r io d a te  was used
and th e se  gave r e s u l t s  o f reaso n ab le  r e p r o d u c ib i l i ty  (see  ta b le  4 . 3) . .
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Table 4»2
’Fucose c o n te n t’ de te rm in a tio n  by m odified  Hi c o le t 
and Shinn method
Hame o f sample Weight of 
sample 
mg
V ol. o f 0.1M 
H a-A rsenite~ 
ml
V ol. o f 0 . 5M 
P e rio d a te  “ 
ml
^  Fucose
Fucose 11.3 14 3.5 72
Fucan (h . lo re a )
(S 97 Dr P e rc iv a l)
51.0 14 3.5 22.6
Fucan (H. lo re a )
(S 98 Dr P e rc iv a l)
29 14 3.5 24.63
Table 4*3
The’fucose  c o n te n t’ de te rm in a tio n o f th e  d i f f e r e n t  fucans and
powdered seaweeds by m odified  Ross and P e rc iv a l method.
Hame o f  Sample Weight o f 
sample 
mg
V ol. o f 0 . 1M 
H a-A rsen ite" 
ml
V ol. o f  O .5M 
P e rio d a te  ~ 
ml
0^ Fucose
Fucose 6.5 14 7 100.9
Fucan (H. lo re a ) 13.5 14 7 60.2
Facan-s (D. firm a) 47.3 14 7 9 .8
Fucan (d . l ig u la ta ) 42 14 7 5.85
Powdered weed (D. firm a) 650 14 7 0.35
Powdered weed (D. l ig u la t^  664 14 ' 7 0.32
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The low p e rc en ta g e  o f fucose in  th e  p resen t ’ fu c a n ’ g iv es  f u r th e r  
evidence t h a t  th e  m a te r ia l in v e s t ig a te d  (fucans from D. firm a) i s  
not a pu re  fu can ; 60.2^ o f fucose in  th e  ’fu can ’ from H im anthalia 
lo re a  ag re es  w e ll w ith  th e  p rev ious recorded  fucose  co n ten t f o r
196th i s  ’ fu c a n ’ ; th e reb y  confirm ing  th e  reaso n ab le  accu racy  o f  th e  
m odified m ethod. The fucose con ten t o f pure fucose  a lso  shows th a t  
th i s  method i s  reaso n ab ly  a c c u ra te , on ly  a  s l ig h t  o v e r-e s tim a tio n  
was o b ta in e d  f o r  th e  pure sam ple. A lthough, th e  fucose  con ten t o f 
fucans v a ry  to  a  g re a t ex ten t from sp ec ie s  to  speAil^s and th e  exact
fig u re  i s  s t i l l  in  doubt an average o f 44% fucose in  th e  fucans has
195been assumed by Cameron, Ross and P e rc iv a l .
That th e  p re se n t method g ives arjover—e stim a tio n  o f th e  ’ fucose
197c o n ten t’ has a ls o  been shown by Black e t a l .  th e y  o b ta in ed  a 
lower p e rcen tag e  o f fucose by e s tim a tin g  th e  l ib e r a te d  ace ta ldehyde  
c o lo r im e tr ic a l ly ,  th a n  th e  p e rcen tage  o b ta in ed  by t i t r i m e t r i c  method. 
These a u th o rs ,  th e re fo re ,  concluded th a t  an aldehyde o r ke tone  o th e r  
than  ace ta ld eh y d e  o r form aldehyde (th e  l a t t e r  i s  r e ta in e d  by th e  
a lan in e) i s  l i b e r a te d  on th e  trea tm en t o f th e  seaweed h y d ro ly sa te s  by 
p e r io d a te .
Due to  th e  low percen tage  o f  ’fu can ’ in  D esm arestia  firm a  and 
D esm arestia l i g u l a t a  i t  was thought th a t  th e  p resence  o f  f r e e  su lp h u ric  
ac id  in  th e s e  weeds might be re sp o n s ib le  fo r  th e  d e g rad a tio n  o f some 
o f th e  ’ fu c a n ’ a f t e r  th e  death  o f th e  a lg a e . With a  view to  prove 
t h i s  th e  fu co se  con ten t of th e  whole weed was a lso  determ ined .
The p e rcen tag e  o f fucose  in  D. l ig u la ta  was 0 .32  which corresponds to  
5 . 3% based  on th e  ’fu can ’ p re se n t in  th i s  weed, t h i s  f ig u re  ag rees 
reaso n ab ly  w e ll w ith  th e  fucose  con ten t (5 «85%) determ ined from th e  
•fucan* (6% o f  th e  d ry  weed) .
181
S im ila r ly  th e  fucose  con ten t o f D. firm a weed was found to  he
0 . 35% and t h i s  corresponds to  9 . 1% based on th e  ’ fu can ’ (3 . 8% o f th e  
dry weed) . Fucose co n ten t determ ined d i r e c t ly  from t h i s  ’ fu can ’ i s  
9 . 8% (see  ta b le  4 *3) .
A ll th e se  o b se rv a tio n s  in d ic a te  th a t  su lp h u ric  a c id  p re se n t in  
th e se  a lg ae  d id  no t degrade th e  fucan  to  any e x te n t . I f  t h i s  were 
so th e  p e rcen tag e  o f fucose  con ten t o f th e  weed would have been la r g e r ,  
furtherm ore fragm ents o f t h i s  fucan  would have been found in  th e  
e th an o lic  e x t r a c t s ,  bu t t h i s  was not th e  case .^^^
These f a c t s ,  namely low fucose co n ten t, r e l a t i v e ly  h ig h  
p ro p o rtio n  o f  mannuronic a c id , as w ell as th e  u l t r a c e n t r i f u g a l  and gel 
e le c tro p h o re s is  r e s u l t s ,  in d ic a te  th a t  th e  m a te r ia l s tu d ie d , might 
con ta in  low m olecu lar w eight a lg in ic  a c id , (which d id  no t p r e c ip i ta te  
out w ith  calcium  ch lo rid e ) a lo n g  w ith  a sm all amount o f ’ fu can ’ 4-8 .
On th e se  grounds f u r th e r  s t r u c tu r a l  in v e s t ig a tio n  o f t h i s  m a te r ia l  was 
abandoned.
4 . 3 . 6  A lg in ic  a c id
F reeze  d ry in g  o f  th e  calcium  a lg in a te  ob ta ined  from th e  se q u e n tia l 
a lk a l i  e x tra c t  o f  D esm arestia  firm a (expt4 2 .l )  gave a  fawn powder 
(8 .6  g calcium  a lg in a te )  . The calcium  a lg in a te  was converted  in to  
sodium a lg in a te  by way o f th e  f r e e  a c id  (e x p t3 .  4^  c h ap te r 3) (8 g 
B a-a lg in a te  16% o f  th e  d ry  weed) .
Paper chromatograms o f a  h y d ro ly sa te  o f th e  sodium a lg in a te  
showed th e  p resence  o f  u ro n ic  a c id s  as w ell as la c to n es .. As th e  
paper chrom atography o f u ro n ic  ac id s  in  so lv en ts  most commonly used 
fo r  chrom atography o f carbohydrates does not g ive s a t i s f a c to r y  
se p a ra tio n  o f th e  in d iv id u a l * u ro n ic  ac id s  and f o r  q u a n t i ta t iv e  work 
■ i t  i s  n e ce ssa ry  beforehand  to  tran sfo rm  a l l  la c to n es  to  u ro n ic  a c id s ;
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the  use o f paper io n o p h o re s is  fo r  th e  se p a ra tio n  o f u ro n ic  a c id s  
was made. Paper io n o p h o re s is  o f a h y d ro ly sa te  o f th e  sodium a lg in a te  
in  a b o ra te  b u f f e r  c o n ta in in g  calcium  ions confirm ed th e  p resence  o f 
both mannuronic and g u lu ro n ic  a c id s .
The v i s c o s i ty  o f th e  sodium a lg in a te  ob ta ined  by t h i s  method was
very  low r e l  = 1.5 f o r  1% s o lu tio n  a t  25°C) . This v e ry  low va lue
in d ic a te s  th a t  th e  a lg in ic  a c id  i s  co n sid e rab ly  degraded. The
presence o f a  r e l a t i v e l y  h i ^  p ro p o rtio n  o f mannuronic a c id  in  th e
so -c a lle d  ’fu c a n ’—s from th e  a lk a l in e  e x tra c t  and a lso  in  th e  a lc o h o lic
and a c id  e x tr a c ts  o f D. firm a  supports  th is^ ^ ^  s in ce  th e  mannuronic
a c id  re s id u e s  a re  more r e a d i ly  hydrolysed  th an  g u lu ro n ic . C arlberg  
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and P e rc iv a l o b ta in ed  s im i la r  r e s u l t s  in  th e  a lk a l in e  e x tra c t  o f 
D. l i g u l a t a , and confirm ed i t  by determ in ing  th e  mannuronic to  
gu lu ron ic  a c id  (m/g) r a t i o .  T h e ir r e s u l t s  gave a m/G r a t i o  o f  0 .06  
o r a g u lu ro n ic  a c id  co n ten t o f  about 94% in  th e  a lk a l in e  exrtract o f 
th e  s e q u e n t ia l ly  e x tra c te d  weed. Based on th e se  r e s u l t s  th e y  
concluded th a t  a la rg e  p ro p o r tio n  o f th e  mannuronic a c id  u n i t s  had 
been hydro lysed  when th e  a lg a  was in  con tac t w ith  i t s  own f r e e  
su lp h u ric  a c id  and w ith  added a c id  d u ring  th e  e x tra c t io n .
As. B. firm a a lso  c o n ta in s  f r e e  su lp h u ric  a c id  and th e  p resence  o f 
mannuronic a c id  in  th e  a lc o h o l ic  and a c id ic  e x tra c t was e s ta b lis h e d  
we were a lso  convinced th a t  th e  low v is c o s i ty  o f th e  a lg in a te  i s  due 
to  th e  lo s s  o f a  s u b s ta n t ia l  amount o f mann.uronic a c id  du rin g  th e  
process o f e x t r a c t io n .
In  an a ttem p t to  r e c t i f y  t h i s  th e  a lg in ic  a c id  was e x tra c te d , 
from th e  a lg a  d i r e c t l y  a f t e r  n e u t r a l i s a t io n  o f th e  f r e e  su lp h u ric  
a c id  p re sen t in  th e  weed. The d e ta i l s  and y ie ld s  o f t h i s  e x tra c t io n  
a re  g iven  in  experim ent4.2^ 8 (a  and b) . Two samples o f calcium  a lg in a te -1  
and 2 were i s o la te d .
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A comlDined o v e ra l l  y ie ld  o f 19.8% of a lg in ic  a c id  was o b ta in ed  
compared w ith  16% from th e  p rev io u s  se q u e n tia l e x tra c t io n . A p a r a l l e l  
s tudy  w ith  a sample o f _D. l i g u l a t a  was a lso  c a r r ie d  o u t, where an 
o v e ra ll  y ie ld  o f 19-5% o f a lg in ic  a c id  was ob ta ined  compared w ith  14% 
from seq u e n tia l e x t r a c t io n .  V is c o s ity  measurements o f à  1% s o lu t io n  
o f sodium a lg in a te  o b ta in ed  from D. firm a and from D. l ig u la t a  under 
id e n t ic a l  co n d itio n s  were c a r r ie d  out and th e  values ob ta ined  a re  
ta b u la te d  below.
Table 4*4
V is c o s i t ie s  o f 1% s o lu tio n s  o f sodium a lg in a te s
a t  25°C
E x tra c tio n  method Hame o f  a lg a A lg ina te R e la tiv e  v is c o s i ty  
^  r e l .
S equen tia l e x t r a c t -  D. firm a  
ion
A lg in a te  from 3% HO^ CO^  
e x tra c t
1.5
D. l i g u l a t a A lg in a te  from 3% 
e x tra c t
(1.7)*
D irec t e x tra c tio n  D. firm a A lg ina te -1 68
A lg in a te -2 56
D irec t e x tra c tio n  D. l i g u l a t a A lg inate-1 81 (300)
A lg in a te -2 6 i ( 150)
F igures in  p a re n th e s is  a re  p re v io u s ly  reco rded  v a lu es .
I t  i s  ev iden t from ta b le  4»4 th a t  th e  v is c o s i ty  o f  th e  two- samples from 
D. l ig u la ta  weed ob ta in ed  by d i r e c t  e x tra c t io n  has been decreased  to  a 
co n sid erab le  e x te n t . I t  can th e re fo re  be concluded th a t  not on ly  th e  
d r a s t ic  method o f  e x tra c t io n  i s  re sp o n s ib le  fo r  th e  low v is c o s i ty  o f  th e
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a lg in a te s ,  prolonged s to ra g e  o f  th e  weed a lso  a f f e c ts  th e  v is c o s i ty  
to  a co n sid e rab le  e x te n t .  The f a c t  th a t  D. firm a had been s to re d  f o r  
about a y ea r b e fo re  chem ical in v e s t ig a t io n  was undertaken might be 
one o f  th e  reasons f o r  th e  low v is c o s i ty  o f th e  a lg in a te .
4 . 3*7  ’Fucans’ from d ire c t  a lk a l in e  e x tr a c ts
The fu c a n -1 and fucan-2  s e p a ra te d  from th e  a lg in ic  a c id  o f d i r e c t  
a lk a l in e  e x tra c ts  e x h ib ite d  s im i la r  com position to  th a t  o f th e  ’ fu can ’ 
from se q u e n tia l e x tra c t io n  excep t th a t  fu c a n -1 was found to  co n ta in  
g lucose in  a d d itio n  to  o th e r  com ponents. The presence o f g lucose 
in  fucan-1 i s  due to  co n tam in a tin g  lam inaran .
4*4 Conclusion
From th e  fo reg o in g  r e s u l t s  i t  can be seen th a t  th ese  weeds have 
a low y ie ld  o f ’fucans* and t h i s  low y ie ld  cannot be exp lained  by th e  
h y d ro ly tic  e f fe c t  o f th e  s u lp h u r ic  a c id  p re sen t in  th e se  weeds. I t
can on ly  be concluded th a t  D. l i g u l a t a  and D. firm a sy n th es ise  le s s  ’ fu c a n ’
119 198th a n  most o th e r  brown seaw eeds. However, D u rv illea  sp ec ies
a lso  appear to  be v i r t u a l l y  devoid  o f  ’ fu c a n s’ .
I t  can a lso  be sp e c u la te d  t h a t  th e  a lg in a te  con ten t in  th e
growing weed o f th e  sp ec ie s  u n der in v e s t ig a t io n  i s  p robably  c o n sid e rab ly
h ig h e r th a n  th e  e stim ated  v a lu e  ( ta b le  4«l) s in ce  th e  r e s u l t s  c le a r ly
show th a t  some deg rad atio n  does occur du rin g  s to rag e  and e x tra c t io n .
F in a l ly  i t  can be concluded th a t  th e  presence o f su lp h u ric  a c id  in
Desm aresi^a firm a has no e f f e c t  on t h e i r  carbohydrate m etabolism , t h i s  i s
e q u a lly  t r u e  in  th e  case o f  D. l i g u l a t a .
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PART TWO
CARBOHYDRATES OP THE EXTRACELLULAR MUCILAGE
*
OF THE MARIEE DIATOM (C o sc in o d isc u s  n o b i l i s )
*
T h is  w ork  h as  b een  a c c e p te d  




Diatoms belong to  th e  c la s s  B a c illa r io p h y c e a e . A ll diatoms a re  
fundam entally  u n ic e l lu la r ,  though th e  c e l l s  a re  sometimes jo in ed  in to  
c o lo n ie s . Each c e l l  i s  enclosed  in  a r i g i d  w all c o n s is tin g  o f p e c tic  
m a te r ia l im pregnated w ith  s i l i c a .  This s i l i c i f i e d  w all i s  known as a 
f r u s tu le ,  and th e re  i s  g rea t v a r ia t io n  betw een sp ec ie s  in  i t s  shape and 
c o n s tru c tio n . In  th e  s im p lest cases th e  f r u s tu le  c o n s is ts  o f two 
c lo se ly  f i t t i n g  halves o f a P e t r i  d is h .  O ther sp ec ie s  have only  
b i l a t e r a l  symmetry; and th e  f r u s tu le  i s  more comparable w ith  a  d a te-box . 
In  both  th e se  types o f diatoms th e  h a l f  f r u s tu le  has one face  which i s  
more o r le s s  f l a t ,  known as a  v a lv e  fa c e , w ith  an edge p ro je c tin g  a t  
r ig h t  an g les  from i t .  The edges o f th e  two h a l f  f r u s tu le s  a re  c a lle d  
connecting  bands s in ce  th e y  form th e  connec tion  between th e  two h a l f -  
f r u s tu le s  o f a  complete diatom . The one h a l f - f r u s tu le  i s  s l ig h t ly  
la rg e r  th a n  th e  o th e r, and t h e i r  co n n ec tin g  bands o v e rlap , form ing th e  
g ird le  o f th e  c e l l .  One th e re fo re  d is t in g u is h e s  between th e  valve 
view and th e  g ird le  view o f a  diatom , which may be as d i f f e r e n t  from each 
o th e r  as th e  appearance o f a P e t r i  d ish  seen  from above and seen from th e  
s id e .  Many diatoms u su a lly  come to  r e s t  w ith  th e  va lve  face  uppermost, 
so th a t  t h i s  i s  th e  more f a m il ia r  a s p e c t .  However, th e re  a re  many 
sp ec ie s  where th e  valve face  i s  sm all in  a re a  and th e  g i rd le  face  much 
more e x te n s iv e . This i s  so in  sp ec ie s  where th e  valve  o f each h a l f -  
f r u s tu le  i s  sep a ra ted  from th e  co n n ec ting  band .by  one o r more in t e r ­
c a la ry  bands. Diatoms o f t h i s  s o r t  commonly come to  r e s t  w ith  th e  
g i rd le  fa c e  upperm ost. Every diatom  sp e c ie s  has a c h a r a c te r i s t ic  
p a t te r n  o f  r id g e s , furrow s, sp o ts  and o th e r  m arkings which a re  e x ten s iv e ly  
used f o r  c l a s s i f i c a t io n .
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O utside th e  s i l i c i f i e d  w all th e re  i s  a  g e la t in o u s  la y e r .  In  
c o lo n ia l sp e c ie s  i t  i s  t h i s  la y e r  which jo in s  c e l l s  to g e th e r , and some 
s t r i c t l y  u n ic e l lu la r  forms a re  a tta c h e d  to  t h e i r  substratum  in  a s im ila r  
way.
On th e  in s id e ,  th e  f r u s tu le  i s  l in e d  w ith  cytoplasm  co n ta in in g  
one o r more i r r e g u la r ly  shaped C h lo ro p la s ts , a  n u c leu s , and o f te n  
d ro p le ts  o f  o i l .  There i s  a c e n tr a l  v a cu o le . Some diatoms a re  capable
o f slow , r a th e r  je rk y  m otion. P in n u la r ia  i s  a  genus which shows th i s
f e a tu r e .  R eproduction o f diatoms i s  u s u a l ly  by c e l l  d iv is io n . This
begins w ith  n u c le a r  d iv is io n  and an enlargem ent o f th e  p ro to p la s t which
fo rce s  th e  two h a l f - f r u s tu le s  a p a r t .  The p ro to p la s t  th e n  d iv id es  along 
a p lan e  p a r a l l e l  w ith  th e  valve face  o f th e  f r u s tu le  and each new 
p ro to p la s t  sy n th e s ise s  a new h a l f - f r u s tu le  which f i t s  in s id e  th e  e x is t in g  
one. Thus o f  th e  two daughter c e l l s ,  one i s  th e  same s iz e  a s  th e  paren t 
but th e  o th e r  i s  s l i g h t l y  sm a lle r . I f  t h i s  p ro cess  were to  continue 
in d e f in i te ly ,  th e  average c e l l  s iz e  would s te a d i ly  d e c rea se . This 
tendency  i s  ba lanced  by th e  p e r io d ic a l  fo rm atio n  o f  auxopores. These 
a re  sometimes th e  r e s u l t  o f fu s io n  o f p ro to p la s ts  from two c e l l s ,  but 
in  o th e r  cases th ey  a re  produced from s in g le  c e l l s .  In  e i th e r  case, 
th e  p ro to p la s ts  o f c e l l s  which a re  approach ing  minimum s iz e  fo r  t h e i r  
sp ec ie s  d is c a rd  t h e i r  f r u s tu le s  com pletely ; i f  fu s io n  i s  to  tak e  p lace  
i t  does so a t  t h i s  s ta g e . There i s  th e n  enlargem ent up to  th e  maximum 
s iz e  f o r  th e  sp e c ie s , and th e  sy n th e s is  o f  a  new f r u s tu le  which i s  not 
marked in  th e  manner c h a r a c te r i s t ic  o f normal c e l l s .  This en larged  
c e l l  i s  th e  auxopore, which by subsequent d iv is io n  g ives r i s e  to  new 
v e g e ta tiv e  c e l l s .
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Diatoms a re  found in  a wide range o f h a b i t a t s ,  in c lu d in g  bo th  
fre sh  and s a l t  w a te rs . They a re  a lso  common in  s o i l  and v a rio u s  
o th e r t e r r e s t r i a l  h a b i t a t s .  Some sp ec ie s  a re  ex trem ely  r e s i s t a n t  
to  d e s ic c a t io n , and s o i l  which has been kept d ry  f o r  n e a r ly  f i f t y  
years has been shown to  co n ta in  l iv in g  d ia tom s. The s i l i c i f i e d  
f r u s tu le  i s  much more r e s i s t a n t  to  decay th a n  th e  r e s t  o f th e  diatom 
c e l l ,  and bo d ies  o f  w ater in  which diatom s a re  p le n t i f u l  accum ulate 
a la y e r  o f  empty f r u s tu le s  on th e  bottom , which may grow to  a  th ick n ess  
o f many f e e t  under s u i ta b le  c o n d itio n s . In  some p la ce s  a  la y e r  o f 
th i s  s o r t  has been r a is e d  above w ater le v e l  by g e o lo g ic a l changes, 
g iv in g  an  a c c e s s ib le  d ep o sit o f diatom aceous e a r th .  This i s  
q u a rrie d  o r mined on a co n sid e rab le  s c a le  f o r  a  v a r ie ty  o f uses such 
as h ea t in s u la t io n ,  th e  f i l t r a t i o n  o f l iq u id s ,  and as a  m ild  a b ra s iv e .
Though in d iv id u a lly  sm all, diatoms a re  v e ry  numerous and th e y  
form an im portan t p a r t  o f th e  community o f l iv in g  c re a tu re s  in  w a te r . 
Being p h o to sy n th e tic , th e y  have th e  im portan t q u a l i ty  o f adding  to  th e  
o rg an ic  co n ten t o f w a te r . Zooplanktons a re  l a r g e ly  dependent upon 
diatom s a s  a  source o f food . Both diatom s and zooplanktons a re  
consumed by sm all f i s h e s .  In  t h i s  food ch a in  diatom s a re  o f 
fundam ental im portance s in ce  on ly  th e y  can sy n th e s is e  o rgan ic  compounds.
5#1#1 C arbohydrates o f th e  B ac illa rio p h y ceae
Diatoms a re  known to  co n ta in  carbohydrates  a ss o c ia te d  w ith
162th e  s i l i c a  o f  th e  f r u s tu le s .  Owing to  th e  m icroscopic  s iz e  and
hence th e  d i f f i c u l t y  o f c o l le c t in g  a p p re c ia b le  q u a n t i t ie s  o f  d iatom s, 
very  l i t t l e  p rev ious chem ical in v e s t ig a t io n  has been c a r r ie d  o u t. 
A nalysis  o f n a tu ra l  crops and c e l l s  in  pure c u l t u r e ^ h a v e  been 
perform ed on organism s grown under a v a r ie ty  o f co n d itio n s  and u s in g
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d i f f e r e n t  tech n iq u es  fo r  th e  e s tim atio n  o f t h e i r  com position ,
A com parative s tu d y  o f fo u r members o f B a c illa r io p h y c e a e  c lass  
in c lu d in g  C oscinodiscus w ith  seven o th e r a lg ae  o f  fo u r  d if f e rn e t  c la sses  
namely Chlorophyceae, Chrysophyceae, Dynophyceae and Myxophyceae was 
c a r r ie d  out by Parsons e t a l .^ ^ ^  A ll sp e c ie s  were grown under 
s im ila r  p h y s ic a l and chemical co n d itio n s  and c e l l s  were analysed 
d u rin g  th e  ex p o n en tia l phase o f grow th. Chemical a n a ly s is  consisted  
o f  a  proxim ate a n a ly s is  of each sp ec ies  f o r  a sh , p r o te in ,  carbohydrate 
and l i p i d ,  and an a n a ly s is  fo r  carbon, s i l i c o n  and phosphorus as w ell 
a s  q u a n t i ta t iv e  d e term ina tions o f th e  m onosaccharides and amino acids 
in  h y d ro ly sa te s  o f whole c e l l s .  Based on t h e i r  o b se rv a tio n s  these 
au th o rs  re p o r te d  th a t  marine phytoplankton  have v e ry  s im ila r  organic 
com position when grown under s im ila r  p h y s ica l and chem ical cond itions, 
re g a rd le s s  o f th e  s iz e  of th e  organisms o r th e  c la s s  to  which they  
b e long . The d i f f e r e n t  c o n s ti tu e n t sugars found by Parsons et a l.^ ^ ^  
in  members o f  th e  B ac illa riophyceae  a re  g iven  below .
Table 3*1 P ercen tage  o f th e  carbohydrate c o n s t i tu e n ts  in  th e  c e lls  
o f  th e  diatom s.
Species
P e rcen tag e •o f 
t o t a l  carbo­
hy d ra te  d ry  w t. 
o f c e l l s
P r in c ip a l  monosaccharides 
P ercen tage  dry w t. o f c e l l s
C haetoceros s p . 
Skeletonem a costaturn 
C oscinodiscus s p . 
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3.3 1.5 0.79 0.71 0.4 2.8 + +
16 .4 1.8 0.87 1.2 - 1.0 0.9 +
2.1 0.4 0.41 + - 0.7 0.5
10.7 2.7 3.7 0.72 0.7 1.5 - +
+ d e te c te d  but not examined 
-  not d e te c te d .
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I t  can be seen  th a t  w hile g lu co se , g a la c to se , mannose and rhamnose a re  
common c o n s t i tu e n ts  o f a l l  th e  sp ec ie s  th e  p ro p o rtio n s  o f th e se  sugars 
vary w id e ly . Two genera, Skeletonema and C oscinod iscus, appear to  be 
devoid o f x y lo se  and Phaeodactylum i s  devoid of fu c o se .
The c a rb o h y d ra te s , f r e e  amino a c id s  and p ro te in  com position o f  some 
marine diatom s and th e  lim n e tic  diatom  M elosira  v a ria n s  have been 
in v e s t ig a te d  by  K leinkauf^^^  who re p o rte d  th e  i d e n t i f i c a t i o n  o f  s ix  
d if f e r e n t  m onosaccharides in  a  m ixture  o f marine diatom  sp e c ie s  
(p r im arily  C oscinodiscus concinnus, £ .  g ran i and B iddulph ia  s in e n s is )  , 
th ese  m onosaccharides inc luded  th e  th re e  hexoses, namely g a la c to s e , 
g lucose, and mannose found p re v io u s ly , and th re e  p e n to se s , a ra b in o se , 
xylose and r ib o s e .  • A rabinose has not been re p o rte d  p re v io u s ly .
In  c o n tra s t ,  in  th e  lim n e tic  diatom  M elosira  v a r ia n s , on ly  g lucose 
and xy lose  were found.
5 . 1 . 2  The carbohydrates m etabo lised  by diatom s may be c la s s i f i e d  
b roadly  in to  th re e  d i f f e r e n t  ty p e s , namely:
1. Low m olecu lar w eight carbohydrates
2 . Water so lu b le  food re se rv e  po ly sacch arid es
3. O ther p o ly sacch a rid es  (A lk a li e x tra c t)  .
Besides th e  above th re e  ty p es  o f  carbohydrates m etab o lised  by th e
members o f  B a c illa rio p h y c e ae  c la s s ,  many diatom s produce e x t r a c e l lu la r
po ly sacch arid es  which d if fu s e  in to  th e  su rro u n d in g s. S t r u c tu ra l
in v e s t ig a t io n  o f  some o f th e se  p o ly sacch arid es  has been c a r r ie d  out 
167,168in  recen t y e a r s .
5 .1 .2 A  Low m olecular w eight carbohydrates ;
These can be o b ta in ed  from th e  aqueous a lc o h o lic  
supernatan t a f t e r  p r e c ip i ta t in g  th e  po lysaccharide  from an aqueous 
e x tra c t o f th e  diatom  w ith  e th a n o l. ' Glucose i s  p re se n t a s  th e  main 
low m olecu lar w eight m onosaccharide a long  w ith  some o th e r  red u c in g
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saccharides o f  slow  chrom atographic m o b ility  in  th i s  e x tr a c t  from
169Phaeodactyli^itricornutiim! . S ep a ra tio n  o f th e se  sac c h a rid e s
on c e llu lo se  columns and on 3MM paper re s u lte d  in  s ix  d i f f e r e n t  
f r a c t io n s ,  which were id e n t i f i e d  as a  d isacch arid e  com prising  xy lose  
and g lucose , s o r b i t o l ,  la m in ito l  (C -m e th y lin o s ito l) , g lu co se , 
m yoinositol and p ro b ab ly  a m ix ture  o f 0-D -glucosyl ( l —^ 3) —D -glucosyl 
( 1—► 3)-D -glucose ( la m in a r i tr io s e )  and £ -D -g a lac to sy l ( l —^ -3 )-D -g lu co sy l 
( 1—1^-3)-D-glucose (g a la c to sy l- la m in a rib io se )  .
5«1«2b W ater so lu b le  food re se rv e  p o ly saccharides
170In  1951 Von S tosch re p o rte d  th e  p resence  o f  w ater
so lu b le  p o ly sac c h a rid e s  from th e  m arine diatom S c h ro e d e re lla  sch ro ed e ri
and R h izo so len ia  s t a t h e r f o l t i i  which he described  as L eucosin .
In  a p a r a l l e l  s tu d y  w ith  th e  lam inaran  o f brown a lg ae  he a ls o  showed
s im i la r i t i e s  in  th e  p h y s ic a l and chem ical p ro p e r tie s  o f th e se  two
171p o ly sac c h a rid e s . Q u ille t  in  1955 is o la te d  le u c o s in  from th e  diatom
Hydrurus fo e tid u s  and as a  r e s u l t  o f chemical a n a ly s is  confirm ed i t  as
a pure g lucose  p ro d u c t. He a lso  re p o rte d  th a t  t h i s  p o ly sacch a rid e  is
b u i l t  o f 8 g lu co se  u n i ts  and th a t  i t  i s  probably , l i k e  lam inaran ,
( 1—^ 3) - l in k e d ;  th e  l a t t e r  b e in g  b u i l t  o f about I 6 g lucose  u n i t s .
A d e ta i le d  s t r u c tu r a l  s tu d y  o f c r y s ta l l in e  leu co sin  su p p lie d  from a
mixed c u ltu re  o f  diatom s by Von S tosch  was c a r r ie d  out by B e a t t ie ,  H irs t 
172and P e rc iv a l .  They found th a t  th e  p o lysaccharide  i s  b u i l t  o f  about
12 ( 1—^ 3) - l i n k e d ^  -B -g lucose  u n i ts  w ith  some b ranch ing  a t  C-6 .
The p ro p o rtio n  o f  ( l —^ 3 )  to  (I—^ 6) lin k e d  glucose u n i ts  was shown to  
be about 1 1 :1 . These au th o rs  suggested  th e  name " Chrysolam inaran" fo r  
leu co sin  on th e  b a s is  o f th e  c lo se  re la t io n s h ip  in  chem ical p r o p e r t ie s .  
The physicochem ical resem blance o f bo th  th e  p o ly sacch arid es  was a lso  
recognised by Von S to sch .
1 92
When grown under b a c te r ia  f r e e  cond itions w ith a tm ospheric  
carbon d io x id e  as th e  so le  carbon source, Phaeodactylum trico rn u tu m ^ ^^ 
was found to  s y n th e s is e  a  w ater so lu b le  glucan of th e  lam inaran  type  
which com prised about 14% o f th e  d ry  weight o f th e  organism .
The glucan was e x tra c te d  w ith  co ld  w ater and p r e c ip i ta te d  from 
low m olecular w eight m a te r ia l  w ith  e th an o l. H ydrolysis showed 
contam ination  w ith  t r a c e  q u a n t i t ie s  o f xy lose , mannose, and rhamnose, 
and p u r i f i c a t io n  was ach ieved  by f r a c t io n a t io n  w ith  DEAE-Cellulose 
chrom atography. Paper chromât ography o f a  p a r t i a l  a c id  hydro ly s a te  
of th e  p u r i f ie d  g lu can  re v e a le d  components w ith  th e  m o b il i t ie s  o f 
g lucose , la m in a r ib io se , g e n tio b io se , and la m in a r i tr io s e , and trea tm en t 
w ith an e n d o - ^ - 1, 3-g lu can ase  gave a s im ila r  chrom atographic p a t te r n .
These f in d in g s  were confirm ed by m éth y la tio n . The m ajor m ethy la ted  
sugar, 2 , 4 , 6- t r i - O —m ethyl g lu co se , was sep ara ted  as a c r y s ta l l in e  
m a te ria l and sm all q u a n t i t ie s  o f  2 , 3 , 4 , 6—t e t r a - 0— and 2 ,4  d i - 0-m ethyl 
glucoses were id e n t i f i e d  by paper and gas l iq u id  chrom atography and by 
io n o p h o res is .
P a r a l le l  p e r io d a te  o x id a tio n  s tu d ie s  o f th e  P. tr ico rn u tu m  glucan  
and la m in a ria  lam inaran  under th e  same cond itions rev ea led  th a t  th e  
form er reduces a h ig h e r  p ro p o r tio n  (0 .53  mole) o f p e r io d a te  th a n  th e  
l a t t e r  (0 .39  m o le). This cou ld  be due to  th e  fa c t  th a t  ’Over o x id a tio n ’ 
occurs in  a l l  th e  G—chains whereas th e  M-chains in  Lam inaria lam inaran  
r e s i s t  ’Over o x id a tio n ’ . This emphasises th e  d iffe re n c e  o f  
chrysolam inaran from some o f th e  Phaeophyceae lam inarans, namely the- 
absence o f m annito l te rm in a te d  c h a in s .
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The fa c t  th a t  g ly c e ro l was th e  so le  c leaved  product o f Smith 
deg rad a tio n  i s  f u r th e r  ev idence  th a t  Phaeodaotylum lam inaran com prises 
a ( l—^ 3) - lin k e d  -D -g lucan  w ith  some branch ing  a t  C-6, and, as i s  to
be expected , c lo s e ly  resem bles ch ryso lam inaran ; th e  food re se rv e  
p o ly sacch arid e  o f f r e s h  w a te r d ia tom s.
The w ater so lu b le  p o ly sac c h a rid e  from th e  marine diatom Skeletonem a 
costatum , when examined a f t e r  h y d ro ly s is  rev ea led  glucose as th e  o n ly  
su g a r . ’ M éthy lation  o f  th e  p o ly sac c h a rid e , and a n a ly s is  o f th e  
m ethy lated  a ld i t o l  a c e ta te s  by glc-m s rev ea led  th a t  th i s  i s  a  (I- ^ 3 ) - l in k e d  
glucan w ith  some b ran ch in g  a t  C-6 and C-2. Branching a t  th e  l a t t e r  p o s it io n
169 171has no t been observed p re v io u s ly  in  glucans from o th e r diatoms ' o r
172bent h ie  a lg a e . By m easuring  th e  peak a reas  o f th e  d i f f e r e n t  m ethy la ted
173d e r iv a t iv e s ,  th e  au thors e s tim a te d  th e  r e la t iv e  amounts and c a lc u la te d  
th e  average chain  le n g th  o f t h i s  p o ly sacch arid e  as 11.
When su b jec ted  to  p e r io d a te  o x id a tio n  s tu d ie s , th e  p o ly sacch arid e  
consumed 0 .23 mole o f p e r io d a te  p e r  anhydro g lucose u n i t ,  co rrespond ing  
to  9 re s id u es  p e r c h a in . P e rio d a te  o x id a tio n  o f a  non-reducing  g lucose  
end group reduces two moles o f  p e r io d a te  and y ie ld s  g ly c e ro l a f t e r  
re d u c tio n  o f th e  po lyaldehyde fo llow ed  by h y d ro ly s is ; ( l—^ 3 ) - l in k e d  
g lucose re s id u es  rem ain u n c leav ed . The r a t i o  o f g ly ce ro l to  g lucose  
was 1 :1 0 .8 , g iv in g  a  ch a in  le n g th  o f  11, which i s  c o n s is te n t w ith  th e  
r e s u l t  o b ta ined  by th e  m é th y la tio n  s tu d ie s .
A d if f e r e n t  food re s e rv e  p o ly sacch arid e  co n ta in in g  on ly  g a la c to se
174u n i ts  has been re p o rte d  from C haetoceros d ec ip jen s .
5 . 1 . 2  C O ther p o ly sac c h a rid e s  (A lk a li e x tra c t)
A glucuronomannan, [ a ] ^  +34° was ob ta ined  from th e  a lk a l i
175e x tra c t  o f  th e  diatom  Phaeodactylum  tr ico rn u tu m . This m a te r ia l was
com pletely  so lu b le  in  w a ter and con ta in ed  in  a d d itio n  to  mannose, 27% 
g lu cu ro n ic  a c id  and 15% h a l f  e s t e r  su lp h a te . P a r t i a l  a c id ic  h y d ro ly s is
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gave mannose, g lucuron ic  a c id  and th re e  o lig o u ro n ic  a c id s .  The two o f th e s  
were • c h a ra c te r is e d  as 0-D -glucopyranqs;^l u ro n ic  a c id - (  1—► 3)-D-mannopyranose 
and O-D-glucopyranosyl u ro n ic  a c id  ( 1 —^ 3)-^m an n o p y ran o sy l-( 1 — 2) -  
D-mannopyranose re s p e c t iv e ly .  The th i r d  a c id  con tained  some s ix  u n i t s  
which on f u r th e r  h y d ro ly s is  gave mannose, g lucu ron ic  a c id , g lucose and 
th e  above dr-and  t r i - o l ig o u r o n ic  a c id s .
The a p p lic a tio n  o f Smith d eg rad a tio n  to  t h i s  po lysaccharide  le d  to  
th e  recovery  o f about 25% o f  a  degraded polymer co n ta in in g  only mannose 
u n i ts  and about 10% su lp h a te . G ly cero l, g ly c e r ic  a c id , sev e ra l slow er 
sp o ts  which s treak ed  bad ly  on a  p aper chromatogram, and tra c e s  o f 
g lucose were found to  be p re s e n t in  th e  m ild  a c id  hy d ro ly sa te  from 
which th e  degraded polymer had been reco v ered . F u r th e r  h y d ro ly s is  o f 
t h i s  hydro ly s a te  reduced th e  q u a n t i ty  o f m a te r ia l o f lower m o b ility  and 
chromatography showed, mannose in  a d d it io n  to  th e  sp o ts  a lre ad y  g iven  by 
th e  m ild a c id  h y d ro ly s is  o f  th e  p o ly a lc o h o l.
M éthy lation  and p e r io d a te  o x id a tio n  re v ea led  th a t  th e  degraded 
polymer c o n s is ts  of chains o f  about f i f t e e n  ( l—►3) -lin k e d  mannopyranose 
u n i ts  w ith  occasional re s id u e s  c a r ry in g  su lp h a te  g roups. This 
appears to  c o n s t i tu te  th e  backbone o f th e  n a tiv e  glucuronomannan to  
which a re  a tta c h e d  s id e  chain s o f  th e  a ld o tr io u ro n ic  a c id , and o f th e  
th i r d  o lig o u ro n ic  a c id , by as y e t unknown lin k a g e .
During th e  Smith d eg rad a tio n  th e  ( l - ^ - 2 )- l in k e d  mannose and 
g lu cu ro n ic  a c id  re s id u es  a re  o x id ise d  by th e  p e rio d a te  and on m ild 
h y d ro ly s is  th e se  a re  c leaved  to g e th e r  w ith  th e  unox id ised  ( l—►3) -  
1 inked  mannose and g lucose u n i t s  p re sen t in  th e  s id e  chains and a re ’ 
r e s p e c tiv e ly  re sp o n sib le  f o r  th e  g ly c e ro l, g ly c e r ic  a c id , mannose and 
t r a c e s  o f g lucose found in  th e  s u p e rn a ta n t.
Although th e  i n i t i a l  p o ly sacch a rid e  had a p o s i t iv e  ro ta t io n  
in d ic a t in g  th e  presence o f some a - lin k a g e s , no evidence fo r  th e  anom eric 
c o n fig u ra tio n  in  th e  d i f f e r e n t  fragm ents was advanced.
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Ho g lucose  could be d e te c te d  in  a  t o t a l  a c id  hydro ly s a te  o f th e  
p o ly sac c h a rid e . I t  must, t h e r e f o r e ,  be p re se n t in  very  sm all amounts, 
and i t  i s  u n lik e ly  th a t  i t  has much s ig n if ic a n c e  in  th e  o v e ra ll 
s t ru c tu re  o f th e  m olecule.
Any su lp h a te  groups l a b i l e  to  a l k a l i  would have been lo s t  d u ring  
th e  e x tra c t io n  o f t h i s  p o ly sa c c h a r id e . However, trea tm en t o f th e  
re s id u a l  organism  w ith sodium m ethoxide b e fo re  e x tra c tio n  o f th e  
glucuronosylm annan should remove any a l k a l i  l a b i l e  su lp h ate  and r e s u l t  
in  m éth y la tio n  o f e i th e r  th e  carbon  atom, which fo rm erly  c a r r ie d  th e  
su lp h a te  re s id u e , o r an a d jac e n t carbon atom . A p p lica tio n  of t h i s  
procedure f a i l e d  to  y ie ld  a  p o ly sac c h a r id e  co n ta in in g  any m ethy lated  
sugars and i t  seems u n lik e ly , th e r e f o r e ,  th a t  any su lp h a te  was lo s t  
d u ring  th e  e x tra c t io n .  In  th e  absence o f ( 1—^ 3 ) - lin k e d  g lucu ron ic  
a c id , i t  fo llow s th a t  th e  s u lp h a te  must be lin k e d  to  mannose s in ce  any 
lin k e d  to  g lu cu ro n ic  a c id  would be a lk a l i  l a b i l e .
The a l k a l i —so lu b le  p o ly sac c h a rid e s  o f th e  c e l l  w all from f iv e  
sp e c ie s  o f C haetoceros, from T h a la s s io s ira  g rav ida  and from Coretheon 
h y s t r ix  were shown'^^^ to  c o n ta in  rhamnose, fu co se , g a la c to se , mannose 
and x y lo se . The r e l a t iv e  amounts o f  rhamnose and fucose v a rie d  w idely  
from th e  v e ry  rham nose-rich  C haetoceros a f f i n i s  to  T h a la ss io s ira  g ra v id a ; 
where no rhamnose was found, a ls o  th e  p ro p o rtio n  o f mannose to  g a lac to se  
v a r ie d  w idely  from sp ec ie s  to  s p e c ie s .
The e x t r a c e l lu la r  p o ly sacch a rid e  com position in  a l l  sp ec ies  
in v e s t ig a te d  was q u ite  d i f f e r e n t  from th e  com position o f th e  c e l l u l a r  
a lk a l i - s o lu b le  f r a c t io n .  !
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5»1*2D  E x tra c e l lu la r  p o ly sacch a rid e
I t  i s  w ell known th a t  many p la h k to n ic  a lg ae  ex cre te  
c o n sid e rab le  amounts o f o rgan ic  m a te r ia l  in to  th e  su rround ing  medium, 
and th a t  t h i s  m a te r ia l , in  many cases a t  l e a s t ,  c o n s is ts  p a r t ly  o f 
ca rb o h y d ra tes . The p ro d u c tio n  o f  s o lu b le , e x t r a c e l lu la r  po ly ­
sacch arid es  has been re p o rte d  from se v e ra l  diatom sp e c ie s .
177A llan  e t a l  s tu d ie d  e ig h t s p e c ie s , and found so lu b le  p o lysaccharide  
in  th e  medium in  a l l  c a se s . The amounts were ve ry  sm all ( le s s  th an  
5 mg/l o r 0 .2  mg p e r 10^ c e l l s ) ,  w ith  th e  excep tion  o f one sp e c ie s , 
H itz sc h ia  fru s tu lu m , which in  s ta n d a rd  o n e - litre  c u ltu re  in  enriched  
seaw ater produced 15.6 mg/l in  7 days, and in  mass c u l tu re s ,  over two 
weeks, were re p o rte d  to  give as much as I 50 m g/l, depending upon 
c o n d itio n s  l ik e  s a l i n i t y  and n u t r ie n t  l e v e l s .  , H ydrolysis o f th e  
p o ly sacch a rid e  gave rhamnose ( 24%), mannose (34%), g a la c to se  (8%) and 
two u n id e n t i f ie d  components (14  and 20%) to g e th e r  w ith  an undeterm ined 
amount o f g lu cu ro n ic  a c id . The com position  o f th e  po ly sacch arid e  
however depended upon s a l i n i t y .
178In  a s tu d y  o f Chaetoceros a f f i n i s  M yklestad and Haug re p o rte d  
th e  p ro d u c tio n  o f  an e x t r a c e l lu la r  p o ly sacch a rid e  in  amounts o f 
16-40 m g /l. The p roduction  to o k  p la c e  in  th e  s ta t io n a r y  growth phase, 
a f t e r  th e  main p ro d u c tio n  o f g lucan  was f in is h e d .  In  a second paper 
th e  au th o rs  re p o rte d  th a t  th e y  had se p a ra te d  a  g lucan  and a h e te ro ­
p o ly sacch a rid e  co n ta in in g  63% o f  rhamnose and fucose  to g e th e r  w ith  le s s
a rab in o se  and g a la c to se  and 8.7% o f  h a l f  e s te r  su lp h a te  as EaSO^*".
179A nalysis  o f  th e  de riv ed  a ld i to l  a c e ta te s  showed rham nose:fucose: 
g a la c to se  = 35 :39 :26 . M éthy lation  and p e r io d a te  o x id a tio n  s tu d ies^ ^ ^  
on t h i s  p o ly sacch a rid e  in d ic a te  th a t  most o f th e  rhamnose i s  lo c a te d  
in  th e  o u te r  p a r t  o f th e  m olecule whereas th e  fucose and g a lac to se  a re  
p re sen t b o th  in  th e  in n e r  and o u te r  p a r t s .  Apart from be in g  p resen t
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as end groups th e  rhamnose i s  lin k e d  th rough  C-1 and C-2, g a lac to se  
th rough C-1 and C-3 (major) as w e ll as  th rough  C-1 and C-4 and some 
o f th e  fu co se  i s  lin k ed  through C-1 and C—3, w hile  th e  m ajor p a r t  i s  
p re se n t as branch p o in ts  or su lp h a te d . Fucose and g a la c to se  a lso  
occur as end groups.
180Two f u r th e r  species  o f C haetoceros have been in v e s t ig a te d .
The e x t r a c e l lu la r  po lysaccharide  from C_^  d e c ip ien s  was shown to  be 
ve ry  s im i la r  to  th a t  from C,  a f f  i n i s , w h ile  th a t  produced by 
_C. curvi s e tu s  is  d i f f e r e n t .  I t  i s  ag a in  a  h ig h ly  branched p o ly saccharide  
o f a  complex s t r u c tu r e .  Fucose is  p re se n t b o th  in  fu ranose  and 
pyranose form s, th e  form er being  re sp o n s ib le  f o r  th e  m ajor p a r t  o f th e  
end g roups. Fucofuranose i s  a lso  p re se n t as lin k e d  th rough  C-1 and C-2 
and as branch p o in ts .  Fucopyranose appears  to  be re sp o n s ib le  fo r  th e  
main p a r t  o f  th e  branch p o in ts .  Rhamnose and g a la c to se  a re  re sp o n sib le  
fo r  a  sm all p a r t  o f th e  end groups. G alac tose  lin k e d  th rough  C-1 and 
C-3 i s  m ain ly  p re sen t a t  th e  in n e r  p a r t  o f  th e  m olecu le. Both th e  
amounts and th e  com position o f th e  e x t r a c e l lu la r  p o ly sacch arid e  s tro n g ly  
suggest th a t  in  th e  case o f th e se  th re e  C haetoceros sp e c ie s , th e  
p o ly sac c h a rid e  i s  excreted  in to  th e  medium, and th a t  i t  i s  no t a  case 
o f leakage  from dead or dying c e l l s .  The fu n c tio n  o f th e  p o ly saccharide  
in  th e  l i f e  o f th e  diatom i s  unknown. These e x t r a c e l lu la r  po ly sacch arid es  
a l l  gave fu c o se , rhamnose, g a la c to se , and su lp h a te  on h y d ro ly s is .
5 . 1 . 3  COSCIEDDISCUS EDBILIS
An u n fa m ilia r  diatom was observed in  th e  to w n e ttin g s  tak en  by 
re se a rc h  v e s s e ls  o f Marine B io lo g ica l L abora to ry , Plymouth towards th e  
end o f  Jan u a ry  1977• I t  was a  la rg e  member o f th e  genus .C oscinodiscus, 
bu t a  sp e c ie s  p re v io u s ly  unknown in  th e  E n g lish  Channel. The 
m ucilage produced by th i s  diatom was so abundant and i t  was thought
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sank to  th e  bottom  to g e th e r  w ith  dead diatom s and caused co n sid erab le  
damage to  n e ts  d u ring  tra w lin g  in  some a re as  o f f  Plym outh.
The v a lv e  p a t te r n  of th e  diatom resem bled th a t  o f  some forms o f
181C oscinodiscus concinnus Wm. Smith w ith  th e  v a lv e  hav ing  a c le a r  
c e n tre , bu t th e  d iam eter was g re a te r  th an  th a t  reco rd ed  f o r  
_C. concinnus in  th e  E n g lish  Channel. I t  was u n lik e  any o th e r spec ies  
o f C oscinodiscus recorded  fo r  th e  W estern E n g lish  Channel in  th a t  
50^ m deep v a lv e  m antle met th e  valve  face  a t  r ig h t  a n g le s . As th e  
v alve  i t s e l f  was alm ost f l a t  th e  diatom had a m arkedly re c ta n g u la r  
o u tl in e  in  g i r d le  view . A sea rch  o f th e  l i t e r a t u r e  showed th a t  t h i s  
diatom  was p ro b ab ly  C oscinodiscus n o b i l is  Grunow. Our m a te r ia l
ag rees e s s e n t i a l ly  w ith  th e  d e s c r ip tio n  and i l l u s t r a t i o n  o f  C^ n o b il is
182given by Simons en and ag rees w ith  th e  m a te r ia l  o f  Grunow designa ted  
as le c to ty p e  by Simonsen, G ru n o w "* d esc rib ed  t h i s  sp ec ie s  from th e  
Java  Sea and i t  has on ly  o therw ise  been reco rd ed  from th e  In d ia n  and 
P a c if ic  O c e a n s , a l t h o u g h  th e re  a re  two d o u b tfu l re co rd s  from th e  
e a s t c o as t o f E n g la n d " * a n d  one from H elig o lan d .
The diatom  was s u c c e s s fu lly  c u ltu re d  in  th e  M arine B io lo g ic a l 
L ab ora to ry , Plymouth and in  our la b o ra to ry . I t  was observed in  th e  
Plymouth L ab o ra to ry  th a t  in  c u ltu re  t h i s  diatom  produced much more 
m ucilage, which c o lle c te d  on th e  bottom  o f th e  c u l tu re  v e s s e l ,  th an  
o th e r  sp e c ie s  o f C oscinodiscus th e y  have c u ltu re d  in  s im ila r  c o n d itio n s .
By th e  end o f A p ril th e  F ish e ry  O ff ic e r  a t  Plymouth was re c e iv in g  
com plain ts from th e  Plymouth fisherm en th a t  t h e i r  tra w ls  were becoming 
clogged o r broken by a  very  heavy grey  s lim e . The slim e made h au lin g  
d i f f i c u l t  and pro longed  washing and a ir -d r y in g  d id  not com pletely  
remove i t .  The slim e was most p rev a len t on th e  sea b e d  in  a reas  
where th e  unusual diatom  was abundant.
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L ig h t m icroscopy  showed th a t  th e  s lim e  was h e a v i ly  lo ad ed  
w ith  c la y  p a r t i c l e s  and th e  in s o lu b le  rem ains o f  P la n k to n  o rgan ism s, 
such a s  th e  s k e le to n s  o f  s i l i c a f l a g e l l a t e s .
The m u c ilag e  from  c u l tu r e d  diatom  used  f o r  p r e l im in a ry  
in v e s t ig a t io n  and  th e  c la y  m a te r ia l  o f  th e  a f f e c t e d  a r e a  o f  th e  sea  
were k in d ly  s u p p lie d  hy  Dr B oalch o f  th e  M arine B io lo g ic a l  
L a b o ra to r ie s ,  P lym outh . Subsequent c u l tu r e  o f  th e  d ia tom  was c a r r i e d  
out in  o u r  L a b o ra to ry  and th e  m ucilage o b ta in e d  th e re f ro m  was 
in v e s t ig a te d  th ro u g h o u t th e  subsequen t w ork.
5.2.1 PRELIMINARY IMESTIGATIOIT OF THE MUCILAGE (a AED B) ADD DIATOM (p)
E xperim en t 1 I n v e s t ig a t io n  o f  th e  m ucilage e la b o ra te d  by  th e
c u l tu r e d  diatom  (m ucilage A)
The m u c ilag e  A was t e s t e d  f o r  c a rb o h y d ra te  [ ( M 2 .7 .  1 ] .  T his
was t r e a t e d  f i r s t  w ith  A m b erlite  IR 120H*  ^ and th e n  w ith  IR 45 (0H~) .
The r e s i n  was f i l t e r e d  o f f  and th e  m ucilage was f r e e z e —d r ie d  (a) •
9 .6  mg, c a rb o h y d ra te  c o n te n t 20^.
E xperim en t 2 I s o l a t i o n  o f  th e  m ucilage (b) from  c la y  m a te r ia l
The wet c la y  ( c a .  200 g) was e x t r a c te d  f o r  15 h a t
room te m p e ra tu re  w ith  d e io n is e d  w a te r  (2 L) , c e n t r i f u g e d  o f f  and th e
r e s id u a l  c l a y  e x t r a c te d  a g a in  f o r  s ix  hours w ith  d e io n is e d  w a te r .
A f te r  c e n t r i f u g in g  th e  c la y  th e  c l e a r  s u p e rn a ta n ts  w ere com bined, 
reduced  t o  sm a ll volume and t e s t e d  f o r  c a rb o h y d ra te . I t  was th e n  
d ia ly s e d  i n  a  c lo se d  system  a g a in s t  d e io n ise d  w a te r  ( d ia ly s a te  1) .
The m uc ilag eo u s s o lu t io n  was th e n  f r e e z e - d r ie d  ( b) •
Experiment 3 Composition of (a) , (b) and diatom (d)
A liq u o ts  o f  (a) , (b) and pow dered (d) w ere h y d ro ly sed  
[cm .2.3.1 ]  and  th e n  exam ined by  p ap e r chrom atography [GM2.4. 1 a ,b
and CM " 2 .5 .  1 * 2 . 5 . 2 , 2 . and 2. 5.7j, p a p e r  io n o p h o re s is  
[ cm 2 . 4 . 2 j  a ]  and by glc-^ns a f t e r  co n v ers io n  in to  a l d i t o l  a c e t a t e s .
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The carb o h y d ra te  [_(M 2 . 7 . 1  ] and p ro te in  co n ten ts  o f  th e  
samples were a ls o  de term ined .
Experim ent 4 In v e s t ig a t io n  o f d ia ly s a te  1
The f i r s t  d ia ly s is  w ater [d ia ly s a te  1 (3 L) ] was te s te d  
fo r  carb o h y d rate  (+ ve) • This was th e re fo re , reduced to  sm all volume, 
the  s o l id  form ed d u rin g  co n ce n tra tio n  was f i l t e r e d  o f f  th rough  g la s s  f ib r e  
f i l t e r  p a p e r . The s o l id  was te s te d  fo r  carbohydrate , which showed a 
negative  t e s t .  The r e s u l t in g  f i l t r a t e  was t r e a te d  w ith  B io d em in ro lit 
and f r e e z e -d r ie d  (7 .2  mg).
5 . 2 . 2  SEQUEMTAL EXTRACTION OF MUCILAGEOUS CLAY
The e x tra c t io n  was c a r r ie d  out accord ing  to  th e  flow  c h a r t IV.
Flow Chart 5 « 1
Wet c lay  ( 18I .5 g)
E thanol e x tra c tio n
Aqueous e x tra c t io n
■ A lk a li e x tra c t io n
E x trac te d  2 x 600 m l .
80^  e th an o l, 25°C I 8 h 
and 6 h r e s p e c t iv e ly .
The re s id u a l  s o l id  was d r ie d  a t  
room tem p era tu re , a l l  th e  fo re ig n  
p a r t i c le s  p icked  out by hand 
(m ainly c rab , s c a le  o f  f i s h ,  
m e ta ll ic  e t c .  h a rd ly  any seaweed) .
E x trac te d  2 x 600 ml, 
d e io n ised  w ater 25°C, 8 h 
combined, r e s in  t r e a te d  
f r e e z e -d r ie d  916 mg.
E x trac te d  2 x 600 ml, 
yfo sodium carbonate  7Ô C,
4 h , combined co n cen tra ted  
d ia ly se d , f r e e z e -d r ie d
184.6 mg.
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Experiment 3 Com position o f th e  aqueous e x tra c t
An a l iq u o t  (28 mg) o f th e  aqueous e x tra c t  was hydro lysed
[GM 2 ; 3#1 ] Eund examined hy paper chromatography [(M ,2 .4 # 1  ( a ) ,  (h)
and CM2.5*1> ' 2 . 5 . 2 , 2 .5 * ^  and $ . 5 . '2 «
The carbohydrate  con ten t [(M 2*7.1 ] o f th e  e x tra c t  was a lso  
det ermined.
Experiment 6 Com position o f th e  a lk a l i  e x tra c t
An a l iq u o t  (25 mg) o f  th e  a lk a l i  e x tra c t  was hydro lysed
and examined by pap er chrom atography as d esc rib ed  in  experim ent 5 *
5 . 2 . 5  SYSTEMATIC INVESTIGATION OF THE MUCILAGE (c) ELABORATED BY THE 
CULTURED DIATOM 
5.2.4 ' Experiment 7 Preparation of the culture solution
( ’ERD-SCHREIBER’ c u ltu re  s o lu t io n  as p repared  a t  th e  Plymouth
L aboratory)
Sea w ater (1 L) was f i l t e r e d  through Whatman Do. 1 f i l t e r  pap er, 
g la ss  d i s t i l l e d  w a ter was th e n  added to  reduce i t  to  95^* This w ater 
was th en  au to c lav ed  a t  15 lb  p re s su re  fo r  30 m inutes to  s t e r i l i s e .
S o il e x tra c t  was p rep ared  from 1 kg f in e ly  s ieved  garden s o i l ,  
adding ta p  w ater (2 L) and a u to c la v in g  fo r  1 h a t  5 1% p re s s u re . I t  
was then  allow ed to  s e t t l e  and th e  c le a r  l iq u id  was u sed . The c le a r  
s o i l  e x tra c t s o lu t io n  was ag a in  au to c lav ed  a t  15 lb  p re ssu re  f o r  35 m inutes 
u s in g  a se p a ra te  sm all f l a s k  f o r  each la rg e  f la s k  o f medium to  be made up .
The s a l t  s o lu t io n  (EaWO^» 0 .2  g / l ;  and KaHPO^. 1211^0, 0 .0 2  g / l )  was
made up to g e th e r  in  g la s s  d i s t i l l e d  w ater so th a t  1 ml o f s o lu t io n  g ives
i
th e  req u ired  amount o f  s a l t s  f o r  1L c u ltu re  s o lu t io n . The s a l t  s o lu tio n
was a lso  au to c lav ed  in  th e  same way.
Required amount o f  s a l t  s o lu t io n  was added to  th e  co ld  s o i l  e x tra c t  
(50 ml) and th e  combined s o lu t io n  was f i n a l l y  added to  th e  co ld  sea  w a te r . 
This c u ltu re  s o lu t io n  was allow ed to  reach  th e  tem peratu re  o f th e  c u l tu re s ,  
which was su b c u ltu re d  p re v io u s ly .
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5*2.5 Experiment 8 Culture of the diatom
Culturing was carried out in six conical flasks (250 ml) at 
room temperature protected from exposure to direct sunli^t, violent 
shaking was avoided. Only a gentle swirling was applied every 24 h. 
Mucilage collected at the bottom of the flasks.
5.2.6 / Experiment 9 Isolation and purification of the extracellular
polysaccharide
The culture of the diatoms was continued for twelve weeks; 
aliquots of the culture solution were withdrawn at intervals of weeks 
and their carbohydrate content was determined [(M 2.7.1 ]. After 
the tenth week the carbohydrate content of the culture solution 
remained constant. The contents of the flasks were combined and 
centrifuged for 1 h at a centrifugal force of 740 xg . The clear 
supernatant was dialysed against distilled water for 3 days. The first 
dialysis water was examined for carbohydrate. The contents of the 
dialysis sac were reduced to small volume, and freeze—dried (76 mg) . 
Carbohydrate content of the freeze-dried material was determined
[GM 2.7.1 ].
The crude polysaccharide thus obtained was purified by ethanol 
precipitation. In a typical experiment the freeze-dried material 
(30 mg) was dissolved in water (2 ml) and ethanol (IO ml) was added 
slowly with continuous stirring. The resulting precipitate was 
centrifuged off, redissolved in water and freeze-dried (20.6 mg) . The 
remaining portion of the polysaccharide (46 mg) was purified by ethanol 
precipitation in the same way. Total recovery of (c) 50 mg.
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5.2*7 Experiment 10 Composition of the purified polysaccharide 
The carbohydrate content [CM 2*7.1 ] specific rotation, 
the sulphate [(M 2.7,3 ] and the uronic acid [(M 2.7. 2 *. (a.) ]
were determined. After hydrolysis [CM 2*3.1], the constituent 
sugars were characterised by paper chromatography in solvents 
[gem 2.421 (a and b) and locating reagents [(M 2. 1 ,2;5.2, 2, 5.3J-
An aliquot of the hydrolysate was reduced to alditols and then 
acetylated, the alditol acetate was then analysed by glc and glc-ms.
The relative proportions of the individual sugars present in the 
hydrolysate were calculated from the peak area of the different sugars 
and by preparative paper chromatography.
5 . 2 . 8  Experiment 11. F r a c t io n a t io n  o f th e  po lysaccharide  on 
PE—52 c e llu lo s e  column
An aliquot of the extracellular polysaccharide (5 .6 mg 
carbohydrate) was dissolved in water (l ml) and layered onto a DE-52 
cellulose column [ 2.8.9 •]• The column was eluted sequentially with
water, 0.3M-KC1, M-KCl and finally with M-UaOH.
5 .2 . 9  Experiment 12. Composition of the different fractions
The carbohydrate contents [(M 2.7*1 ] of all the fractions 
were determined. The aqueous fraction was tested for sulphate and 
its specific rotation [CM 2.1 ] was also determined. After hydrolysis, 
the sugars in the 0.3 M-KCl and M-HaOH fractions were characterised by 
paper chromatography in solvents [(M 2.4.1 (a-c) ] and locating reagents 
[cm 2. 5 . 1, 2. 52and 2. 5^ and by glc of the alditol acetate derivatives 
[CM 2.6.1/2^].
5 .2 .10 Experiment 13. Méthylation of the extracellular polysaccharide 
An aliquot (5 . 6 mg) of the extracellular polysaccharide was
methylated by Hakomori method [GM 2.8.73* and the product was
divided into two portions, one portion was methylated a second time.
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5 * 2 .1 1  Experiment 14» Com position o f th e  p a r t i a l l y  m ethylated
p o ly sac c h a rid e s  
The two m ethylated  p ro d u c ts  were hydrolysed  [CM 2.5,1. ] and 
th e  hydro ly s a te s  were examined hy paper chromatography in  so lven t 
systems [GM 2.4,4 C] and lo c a t in g  reag en t [G m 2,.5 .2  ] .  . The hydro ly s a te s  
were th e n  reduced [CM 2 . 8 . 4  ' ]  and converted  in to  a ld i t o l  a c e ta te s  
[GM 2.8.6 and analysed  hy g lc  and glc-m s [GM 2.6.1-2.6.5
5.2.12. Experiment 15. Periodate oxidation of mucilage fc) hy Avigad
method.
This mucilage (2 .78  mg) was d is so lv e d  in  5 z  1 0 ~ ^-Iîa I0 . (5 ml) ;— 4
the flask was wrapped in aluminium foil to ensure complete protection 
from light.
The v io le t  so lu tio n  o f 2 ,4 ,6 - t r i - 2 - p y r id y l - s - t r i a z in e  (TPTZ) was 
p repared  as fo llo w s . TPTZ (75 mg; 0 .2 4  z  10*”^ )  was d isso lv ed  in  
a c e t ic  a c id  (46 ml) , and M-sodium a c e ta te  (210 ml) and a f r e s h ly  p repared  
s o lu t io n  o f Fe(M ^)^(SO ^)2 . 6H2O (3 1 .4  mg; O.O8 x 10” ^ '  in  100 ml o f 
water) was added. The volume was th e n  made to  1 l i t r e  w ith  w a te r .
Assay of the periodate. In a standard procedure 0.01 ml of oxidation 
solution was taken in a test tube. The violet solution (4.5 ml) was 
added to it and made up to 5 ml with water. A blank containing 4.5 ml 
violet solution and O .5 ml water to make up to 5 ml was made and a 
control with 0.01 ml periodate (5 x 10 ^) violet solution (4.5 ml) and 
water to make up to 5 ml was also prepared. The absorbances of these 
solutions were read at intervals of time at 593 nm to determine the 
amount of residual violet solution. The measurement of absorbance was. 
continued until a constant absorbance value for the oxidation solution was 
obtained.
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The excess p e rio d a te  o f th e  o x id a tio n  s o lu t io n  was th en  destroyed  
by a d d itio n  o f e thy lene  g ly co l (200 p i ) . The o x id ised  mucilage 
was th e n  reduced w ith  sodium b o rohydride  (200 mg) s t i r r i n g  fo r  3 h a t  
room tem peratu re  and th en  l e f t  f o r  l8  h a t  2°C. The r e s u l t in g  
po lya lcoho l was d ia ly sed  t i l l  f r e e  from in o rg a n ic  io n s , reduced to  
sm all volume and f re e z e —d rie d .
5 .2 . 1 5 Experiment 16 . Composition of the oxidised and reduced mucilage (c) 
The polyalcohol from the mucilage 0 was hydrolysed with 90^ 
formic acid [GM ,2.5.1 ]. The hydrolysate was then examined by paper 
chromatography in solvent systems [CM 2,4'. 1» (a) , (b) ] and
[GM 2.5,1,2.5.2/5 ].
5 . 2 .1 4  Experiment 17. S ep a ra tio n  and c h a r a c te r is a t io n  o f th e  slow
moving components o f  (2 x Hakomori) m ethylated 
m ucilage (c)
In  o rd e r to  s e p a ra te  th e  components o f slow er 
chrom atographic m o b ility  and to  c h a r a c te r is e  them, th e  m ethylated m a te r ia l
was p laced  on 3 MM paper and a llow ed to  ru n  on so lv en t system [GM 2 .4 .1 ( c ) ]
f o r  60 h . T h e re a fte r  4 f r a c t io n s  o f  slow er m o b ility  were cut out and 
e lu te d  w ith  w ater s e p a ra te ly .
The four fractions after evaporation to dryness were dried further 
over conc. S^SO^ in vacuo. The dried samples were then esterified, 
reduced [GM 2.8.5,2.8.4 ] hydrolysed [GM 2.5.2 ']. The
hydrolysates were neutralised with U-methyldioctylamine (5^ in chloroform) . 
Aliquots of the neutralised hydrolysates were examined by paper 
chromatography. The remaining hydro lysates were ^ reduced and acetylated.
The derived alditol acetates were examined by g.l.c. and g.l.c. - m.s.
5 .2 . 1 5  SEQUENTIAL EXTRACTION OF DIATOM
Flow c h a r t 5 .2
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Diatom ( 3O mg) f r e e z e —d r ie d
Powdered under N itrogen
Aqueous e x tra c t io n  48 h , 25°C, c en trifu g ed
S upernatan t
C arbohydrate +ve 
(10 mg) 2 mg carbohydrate
Supernatant 
( 2 .3  mg) 0 .5  mg carbohydrate
S upernatant
R esidue
Aqueous e x tra c tio n  80 C, 6 h 
c e n tr ifu g e d .
Residue
C h lo rite  tre a tm en t, 70 C 
washed w ith  w ater, cen tr ifu g ed ,
Residue
Supernatan t 
(4 .7  mg) 0 .3  mg carb o hydrate
E x trac t under Ng w ith  4^  
8odiumhydroxide, 24 h, 




5 «2 .1  6 Experim ent 18 E x tra c tio n  p rocedure
The washed powdered diatom  (30 mg) was e x tra c te d  w ith  co ld  
w ater w ith  s t i r r i n g  fo r  48 h . A fte r  removal o f  w ater by c e n tr ifu g a tio n , 
th e  re s id u a l  organism  was e x tra c te d  w ith  w a ter a t  80° fo r  6 h . The 
re s id u a l m a te r ia l  was g iven  a c h lo r i te  tre a tm e n t a t  70° and th en  
e x tra c te d  w ith  M-NaOH a t room tem peratu re  under n itro g e n  fo r  24 h .
The f i n a l  re s id u e  was devoid o f c a rb o h y d ra te .
5 *2 .1 7  Experim ent 19» Composition o f th e  aqueous e x tra c ts  of th e  diatom 
Both th e  co ld  (2 mg carbohydrate) and ho t (O.5 mg carbohydrate) 
aqueous e x tr a c ts  o f th e  diatom were hyd ro lysed  s e p a ra te ly , and a f t e r  
n e u t r a l i s a t io n ,  th e  r e s u l t in g  h y d ro ly sa te  was examined by paper 
chrom atography, as d esc rib ed  in  experim ent 12.
5 .2 . 1 8  Experim ent 20. Composition o f th e  a lk a l i  e x tra c t
The a l k a l i  e x tra c t  (0 .3  mg carbohydrate) was hydro lysed  as 
[cm 2 . 3 . 1i ] and th e  h y d ro ly sa te  was examined by paper chromatography 
as in  experim ent 12 and by paper io n o p h o resis  [CM '2 . 4 . 2  ]  u s in g  b u ffe r  
[GM 2 . 4 .2  ( a ) ] .
5 .3  RESULTS AND DISCUSSION
5 . 3 .1  P re lim in a ry  in v e s t ig a t io n  o f th e  m ucilage A, B and diatom  D
The purpose o f  th e  p re lim in a ry  in v e s t ig a t io n  was to  a s c e r ta in  
w hether th e  m ucilage (a) e lab o ra te d  by th e  diatom  c u ltu re d  in  th e  
Plymouth la b o ra to ry , and th e  m ucilage (b) o b ta in ed  by e x tra c t in g  th e  
c la y  m a te r ia l  o f  th e  a f fe c te d  a re a  o f  th e  se a , have s im ila r  com position 
and to  f in d  out w hether th e  carbohydrate  o f  th e  diatom  (d) i t s e l f  
which had been f re e d  from m ucilage by re p e a te d  c e n tr ifu g a tio n  has any 
resem blance w ith  e i th e r  o f th e  o th e r  m ucilages. The crude m ucilage 
is o la te d  from th e  c la y  m a te ria l had a v e ry  low carbohydrate  con ten t
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(see t a b l e ) • I t  was th e re fo re , d ia ly sed  e x h a u s tiv e ly  a g a in s t 
d i s t i l l e d  w a te r  and a f t e r  co n cen tra tio n  to  sm all volume th e  carbohydrate  
was p r e c ip i t a t e d  by pouring  on to  8 volumes o f e th a n o l .  The fo llo w in g  
ta b le  shows th e  y ie ld ,  carbohydrate and p ro te in  co n ten t o f bo th  th e  
crude and p u r i f i e d  m ucilage.
Table 3»2
Name o f th e  m a te r ia l Weight o f th e  m a te r ia l in  g .
Carbohydrate 
co n ten t ^
P ro te in  
con ten t ^
C lay (wet) 200 - -
M ucilage (crude) 0.906 12.4 7.7
M ucilage (p u r if ie d )  B 0.250 62.4 11.25
.2  C o n s ti tu e n ts  o f th e m ucilages (a) , (b) and diatom  (d) and
t h e i r  C h a ra c te r is a tio n
Chromatography o f th e  h y d ro ly sa tes  from (a) and (b) rev ea led  
id e n t ic a l  components (P .C .) , corresponding  to  fu co se , rhamnose, mannose, 
xy lose , g lu c o se , g a la c to se  and g lucu ron ic  a c id .  The h y d ro ly sa te  o f th e  
diatom c o n ta in ed  fu co se , x y lose , g lucose , g a la c to se  and g lu cu ro n ic  a c id . 
The i d e n t i t y  o f  th e  above monosaccharides as t h e i r  a l d i t o l  a c e ta te s  
was confirm ed by t h e i r  r e te n t io n  tim es on a  gas l iq u id  chromâtograph and 
th e i r  e .i.-n n a ss  s p e c t r a .  The presence o f g lucose  in  th e  h y d ro ly sa te s
was confirm ed as  th e  ^ ^ u g a r  by B -glucose o x id ase . The u ro n ic  a c id
was confirm ed as  g lu cu ro n ic  a c id  by paper io n o p h o re s is . The presence
i ;
' to f amino a c id s  in  th e  h y d ro ly sa tes  was rev ea led  by paper chromatography;
’f
th e  a p p l ic a t io n  o f  n in h y d rin  sp ray  in d ic a te d  th e  p resence  o f s im ila r  
amino a c id s  in  bo th  th e  h y d ro ly sa te s . On th e  b a s is  o f th e  above 
o b serv a tio n s  i t  was concluded th a t  th e  e x t r a c e l lu la r  m ucilage o f  th e  
diatom (a) and th a t  e x tra c te d  from th e  mud (b) have s im ila r  chem ical 
com position.
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As th e  c o n s t i tu e n t  m onosaccharides o f th e  m ucilage (b) showed 
many s i m i l a r i t i e s  w ith  th o se  found in  th e  p o ly sacch arid e  o f  th e  brown 
seaweeds, i t  was su sp ec ted  th a t  th e  mucilage o b ta in ed  from th e  c lay  
m ate ria l m ight be contam inated w ith  seaweeds. Keeping t h i s  f a c t  in  
mind an a ttem p t was made to  remove a l l  the  v is ib le  fo re ig n  p a r t i c l e s  
p resent in  th e  c la y . I t  was f i r s t  e x tra c te d  w ith  80^ aqueous e thano l 
as o u tlin e d  in  flow  c h a r t 1
The r e s id u a l  s o l id  was d r ie d  a t  room tem peratu re  and th e  fo re ig n  
p a r t ic le s  were removed by hand, th e se  were m ainly c rab , s c a le s  o f 
f is h ,  m e ta l l ic  w ire s , e t c .  and in c lu d ed  h a rd ly  any seaw eeds. Subsequent 
seq u en tia l e x t r a c t io n  o f th e  d ry  m a te r ia l w ith  w ater and d i lu te  a lk a l i  
and exam ination  o f  th e se  e x tra c ts  a f te r ;h y d ro ly s is  f o r  c o n s ti tu e n t 
m onosaccharides re v e a le d  th e  same chrom atographic p a t te rn s  to  th o se  
observed p re v io u s ly . This o b se rv a tio n  confirm ed th e  co n c lu sio n  th a t  
the  m ucilage ( b) was e la b o ra te d  by th e  d iatom s.
The d ia ly s i s  w ater from th e  crude mucilage when t e s t e d  fo r
carbohydrate gave a p o s i t iv e  resp o n se , i t  was th e re fo re ,  reduced  to
sm all volume and a f t e r  removal o f  in o rg an ic  ions was f r e e z e —d rie d  
(7.2 mg) . An a l iq u o t  o f t h i s  s o l id  was examined by paper chromatography 
which re v e a le d  th e  p resence  o f  g lu co se , a long  w ith  a  f a s t  moving 
component. The f a s t  moving component was not d e te c te d  on th e  paper
sprayed w ith  a n i l in e  o x a la te  which in d ic a te s  th a t  t h i s  component i s  not
due to  a  re d u c in g  su g a r . The presence  o f D -glucose was confirm ed by 
i t s  id e n t ic a l  m o b ili ty  w ith  a u th e n tic  glucose and by  g lucose  o x id ase .
The r e s id u a l  c la y  m a te r ia l a f t e r  aqueous e x tra c t io n  was e x tra c te d  
w ith 3^ sodium carbonate  as o u tlin e d  in  flow ch a rt A f te r  d ia ly s is
and f re e z e —d ry in g  an amorphous w hite  s o l id  ( 184*6 mg) was o b ta in ed  from 
th i s  e x t r a c t . An a l iq u o t  o f th e  e x tra c t  a f t e r  h y d ro ly s is  was 
in v e s t ig a te d  by paper chrom atography which re v ea led  th e  p resence  o f fo u r 
d if f e r e n t  m onosaccharides, th e  m o b ility  of which corresponded w ith  
g a lac to se , mannose, x y lo se  and fu co se .
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These i n t e r e s t i n g  p re lim in a ry  r e s u l t s  on th e  m ucilage (a) 
prompted a sy s te m a tic  in v e s t ig a t io n  to  s tudy  more com ple te ly  th e  
e x tr a c e l lu la r  p o ly sa c c h a r id e s  e lab o ra te d  by th e  d iatom . For t h i s  
purpose th e  diatom  was c u ltu re d  in  our la b o ra to ry . By m o n ito rin g  
the  carbohydrate  co n ten t o f th e  c u ltu re  s o lu tio n , a t  in te r v a l s  o f weeks, 
i t  was observed th a t  th e  p ro d u c tio n  o f mucilage con tinued  f o r  te n  weeks, 
a f t e r  which th e  carbohydrate  con ten t o f th e  m ucilage rem ained c o n s ta n t. 
The m ucilage was th e n  se p a ra te d  from th e  diatoms and f r e e z e —d r ie d .
The f re e z e -d r ie d  m a te r ia l  was th e n  p u r if ie d  by e th an o l p r e c ip i t a t io n  
as described  in  experim ent 9» Y ield  o f po ly sacch arid e  (c) ^0  mg.
5 . 5 . 3  Com position o f  th e  p u r i f ie d  e x t r a c e l lu la r  p o ly sac c h a rid e  (c) 
The p e rcen tag e  co n ten ts  o f carbohydrate, u ro n ic  a c id  and 
su lphate  in  th e  p o ly sac c h a rid e  a re  ta b u la te d  below.
Table 5»3
S p e c if ic  r o ta t io n  -4 -6 °  (C = O .54)
C arbohydrate co n ten t 63%
U ronic a c id  con ten t 9-3^
S u lp h a te  con ten t 16.?^
The neg a tiv e  r o ta t io n  o f  th e  p o ly sacch arid e  in d ic a te s  a f a i r l y  h igh  
p ro p o rtio n  o f  l in k a g e s .
Acid h y d ro ly s is  o f th e  m ucilage and a n a ly s is  o f th e  hydro ly s a te  
by paper chrom atography and by  gas l iq u id  chromatography o f th e  d e riv ed  
a ld i to l  a c e ta te s  showed s ix  d i f f e r e n t  m onosaccharides. T h e ir r e l a t i v e  
molar p ro p o r tio n sa s  c a lc u la te d  from th e  peak a reas  o f  th e  g lc  a re  
given in  th e  t a b l e .
211
Table 3-4
Sugar Approximate molar 
p ro p o rtio n




G alac to se tra c e
The r e la t i v e  p ro p o r tio n  o f th e  g lucuron ic  ac id  in  th e  p o ly sacch arid e  
could not be determ ined  by th e  above method. As the  so lv en t system  
p y rid in e  : a c e t ic  a c id  : w a ter in  th e  p ro p o rtio n  o f (5:4:3 o f f e r s  b e t t e r  
sep a ra tio n  by paper chrom atography o f th e  a c id ic  sugars from th e  
n e u tra l ones, th a n  th a t  p re v io u s ly  used an a liq u o t (5 mg) o f  th e  
hyd ro lysa te  was s e p a ra te d  on Whatman No.1 paper in  th e  above so lv en t 
system, th e  u ro n ic  a c id  f r a c t io n  and th e  combined n e u tra l  f r a c t io n s , were 
e lu te d  s e p a ra te ly .  The amount o f g lucuron ic  a c id  was determ ined  by 
comparison w ith  a  s ta n d a rd  g lu cu ro n ic  a c id  graph and th a t  o f  th e  
combined n e u tra l  f r a c t io n  was determ ined by comparing a  s tan d a rd  graph 
made o f an a r t i f i c i a l  m ix tu re  o f  fu co se , mannose, xy lose  and g lucose  
in  th e  p ro p o rtio n  o f  3:1 •15:0*3:1 • The r e la t iv e  p ro p o rtio n  o f  th e  
u ron ic  a c id  w ith  re s p e c t to  combined n e u tra l  f r a c t io n  was 1:10 which 
i s  in  reaso n ab le  agreem ent w ith  th e  9*3^ determ ined by th e  carb azo le  
method. ;
As th e  r e te n t io n  tim e o f  th e  a l d i t o l  a c e ta te s  o f fucose  and 
rhamnose were th e  same, r e l a t i v e  p ro p o rtio n s  o f th e se  sugars could  not 
be ob ta ined  by m easuring th e  peak a re a  o f g lc  chromatogram. In  o rd e r 
to  determ ine th e  r e l a t i v e  p ro p o rtio n  o f  th e  fucose and rhamnose in  th e  
p o ly sacch arid e , an  a l iq n o t  (5 mg) o f th e  h y d ro lysa te  was s e p a ra te d  on
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Whatman No. 1 paper in  th e  so lv e n t system  e th y l a c e ta te  : a c e t ic  a c id  
form ic a c id  ; w a ter in  th e  p ro p o r tio n  o f '( l8 :3 :1 :4 )  as th i s  so lv e n t 
system se p a ra te s  th e se  two d eo x y -su g ars . The p ro p o rtio n  o f  fu co se  : 
rhamnose was found to  he  2 .3  : 1 .0 . The r e l a t iv e  p ro p o rtio n  o f  th e  
in d iv id u a l sugars as o b ta in e d  by th e  d i f f e r e n t  methods i s  g iv en  in  
th e  t a b le .
Table 3 .3





G lucuronic a c id 0 .7
Xylose 0 .3
G alactose tra c e
Although th e  r e l a t i v e  p ro p o r tio n s  a re  d i f f e r e n t ,  a  s im ila r  a p a r t  
from x y lo se , m ixture o f  m onosaccharides was re p o rte d  fo r  a  h y d ro ly sa te  
o f  whole c e l l s  o f CoscinodjscYis sp by Parson  e t a l .^ ^ ^  Whereas
169Phaeodactylum trico rn u tu m  was devoid  o f  fu co se , i t  con ta ined  th e  
o th e r  sugars p re sen t in  th e  C oscinodiscus n o b i l i s  e x t r a c e l lu la r  
p o ly sacch a rid e .
D iffe ren ces  a re  th e  absence o f  fucose  from th e  m ucilage from
170N it& schia fru stu lu m  ' and th e  absence o f  mannose from th e  C haetoceras ■
17.1 ,'172 ,173
215
5 * 5 "4  F ra c tio n a tio n  o f  (c) by DE-32 C ellu lo se  column
The re c o v e rie s  a f t e r  f r a c t io n a t in g  an a liq u o t (3 .6  mg) o f 
(c) on th e  c e l lu lo s e  column (experim ent 8) i s  shown in  th e  fo llo w in g  
ta b le .
Table 3»^
F ra c tio n Recovery o f carbohydrate
w eight (mg) %
Water 2 35.7
0 .3  M-KCl 2.3 44*6
M-KCl N il N il
M-NaOH 0 .8 14.3
The o v e ra ll  recovery  o f carb o h y d ra tes  (3*3 mg) from th e  column 
was about 94^« The d i f f e r e n t  f r a c t io n s  were th en  hydrolysed and 
examined fo r  c o n s ti tu e n t s a c c h a rid e s  (P .C .) • The aqueous f r a c t io n  
was found to  co n ta in  m ainly g lu c o se , and th e  0 .3  M-Potassium c h lro id e  
f r a c t io n  in d ic a te d  th e  p resen ce  o f  a l l  th e  c o n s ti tu e n t sugars o f  th e  
pa ren t po ly sacch arid e  except g lu co se  (confirm ed by neg a tiv e  response  
to  g lucose oxidase) . The M—sodium hydroxide f r a c t io n  rev ea led  th e  
p resence o f two su g ars , co rresp o n d in g  to  th e  paper chrom atographic 
m o b ility  o f mannose and fu c o se . Due to  sho rtag e  o f m a te ria l f u r th e r  
s t r u c tu r a l  in v e s t ig a tio n s  o f  th e s e  f r a c t io n s  were not c a r r ie d  o u t.
5 .5 *  5 C h a ra c te r is a tio n  o f  th e  g lucose (aqueous f ra c tio n )
The aqueous e lu an t from th e  column had [ 0]^  -7 .3 °  (C = 0 .2 )  
was devoid o f  su lp h a te  and gave m ainly  g lucose on h y d ro ly s is . I t s
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s t ru c tu re  as a  ( l—► S)-linked g lu can  (Chrysolam inaran) was shown hy th e  
c h a r a c te r is a t io n  o f 2 ,4 ,6  t r i - 0 —m eth y l-g lu co se  as a major c o n s ti tu e n t 
of th e  h y d ro ly s is  p roducts from m é th y la tio n  o f th e  whole m ucilage C,
(Tables and 3-9^) sm all degree o f  b ranch ing  a t  C-6 was in d ic a te d  
by th e  p resence  o f a t r a c e  o f 2 ,4 —di-O —m ethyl glucose in  th e  h y d ro ly sa te  
o f th e  m ethy la ted  p o ly sacch arid e  (T ables 3-8 and 3»9)• The presence 
of a f a i r l y  h ig h  p ro p o rtio n  o f t e t ra-O -m ethyl glucose in  th i s  
h y d ro ly sa te  in d ic a te s  a  r e l a t i v e l y  sm all m olecule in  keeping w ith 
th e  Chrysolam inaran found in  o th e r  d ia tom s. The s tru c tu re  of th e  g lucan  
was confirm ed by p e rio d a te  o x id a tio n  s tu d ie s  on th e  mucilage (Table 3 « 7 )• 
The m ajor c o n s ti tu e n t of th e  h y d ro ly sa te  o f  th e  po lyalcohol a f t e r  
p e rio d a te  o x id a tio n  and re d u c tio n  o f  th e  m ucilage was D-glucose 
(+ve g lucose o x id ase ), confirm ing  th e  ( l —^ 3 ) -lin k ag e  o f t h i s  su g ar.
The low n eg a tiv e  s p e c if ic  r o ta t io n  i s  evidence o f - l in k a g e .
I t  fo llow s th a t  C oscinodiscus n o b i l i s  m etabo lises a chrysolam inaran 
s im ila r  to  th a t  c h a ra c te r is e d  from  o th e r  d iatom s.
Table 3-7
C o n stitu en t sacch arid es  i d e n t i f i e d  in  th e  h y d ro lysa tes  o f m ucilage (c) 
b e fo re  and a f t e r  p e rio d a te  o x id a tio n .
C o n stitu en t sacch arid es H ydro lysa tes  o f 
m ucilage (c)
H ydrolysates o f m ucilage (c) 
a f t e r  p e rio d a te  o x id a tio n  
and re d u c tio n .
Fucose 4411 1 ++
Mannose +4-4- ++
Rhamnose +++ ++
Glucose ■f++ 4 1 1+ 1
O ligouron ic  a c id ++ +
Xylose 4-+ -




I t  should however he noted  th a t  t h i s  was not e x tra c te d  from th e  diatom 
as in  o th e r  sp e c ie s  hut sep a ra te d  from th e  e x t r a c e l lu la r  m ucilage.
I t  could p o s s ib ly  have been d e riv e d  from dead diatom s p re sen t in  th e  
c u l tu re .  In  f a c t  th e  p resence o f  a  g lucan  in  th e  aqueous e x tra c ts  o f 
th e  diatom  i t s e l f  was a lso  observed ( p .221:) a lthough  d e ta i le d  
s t r u c tu r a l  s tu d ie s  were not c a r r ie d  out due to  sm all amounts o f m a te ria l 
i s o la te d .
5 .3* 6  M éthy lation  s tu d ie s  o f  th e  m ucilage (c)
Due to  in s u f f ic ie n t  m a te r ia l  i t  was no t p o ss ib le  to  m ethylate  
th e  se p a ra te  f r a c t io n s  from th e  column. In s te a d  a p o r tio n  o f th e  whole 
mucilage was m ethy la ted  by th e  Hakomori method. The m ethylated  
product was d iv id ed  and one p o r t io n  su b je c te d  to  a  second Hakomori 
m é th y la tio n .
5 . 5 . 7  In v e s tig a t io n  o f th e  su lp h a ted  u ro n ic  a c id  co n ta in in g  poly­
sacch arid e  (s) m ucilage (c) .
These co n ta in  mannose, rhamnose, fu co se , xy lo se  and 
g a lac to se  in  th e  m olar r a t io s  o f  approx im ate ly  1 .2 :1 .3 :2 .5 :0 .5 : tr a c e  
[a lth o u g h  a p ro p o r tio n  o f th e  fu co se  and mannose appears to  be in  a 
s e p a ra te  p o ly sacch arid e  ( a lk a l i  e lu an t from th e  column)] to g e th e r  w ith  
about 10^ g lu cu ro n ic  a c id  and ap p rox im ate ly  20^ o f h a l f  e s te r  su lp h a te  
(O-SO^.H). ' A h y d ro ly sa te , a f t e r  a  s in g le  Hakomori m éth y la tio n
co n ta in ed  a  la rg e  p ro p o rtio n  o f unm ethylated  sacch arid es  a lthough  
f u l l y  m ethy la ted  sacch arid es  were a ls o  p re s e n t .  A second Hakomori 
m éth y la tio n  r e s u l te d ,  a f t e r  h y d r o ly s is , in  th e  m ethy lated  sugars 
d e ta i le d  in  Tables 5*8 and 5*9 and g lc  chromatogram, f i g .  5*1*
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Table 5-8
M ethylated  su g ars  t e n ta t iv e ly  id e n t i f i e d  by pap er chromatography^ 
in  th e  h y d ro ly sa te  a f t e r  2 Hakomori m é th y la tio n  o f m ucilage(c) .
RTMG^ P o ss ib le  Sugars
0 -  0 .04 O ligouron ic  a c id .
0.11 A ld o trio u ro n ic  a c id .
0 .24 A ldobiouronic  a c id .
0 .41 4-0-m ethyl fu c o se .
0 .53 2 ,4-di-0-+nethyl fucose
0 .5 8 3 ,4 -d i-0 -m e th y l mannose.
0.61 2-0-m ethyl rham nose/fucose
0 .67 2 ,4-dd-O-m ethyl g lu co se .
0.71 2 ,3-di-O -m ethyl x y lo se .
0 .76 2 ,3 ,6 - tr i -O —m ethyl mannos e .
0 .7 8 2 ,4 ,6 -tr i-O -m e th y l g lu co se .
0 .8 8 3 ,4-d.i-0-+nethyl rhamnose
0.93 2 ,3 ,4 - tr i-0 -m e th y l  x y lo se .
1.0 2 ,3 ,4 ,6 - t e t ra -0 —methyl g lu co se .
^ RTMG i s  th e  m o b ility  o f sugars  r e l a t iv e  to  th a t
o f  2 ,3,4» 6 - t e t ra-O-m e th y l g lu c o se .
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Table 5-9
M ethylated sugars  id e n t i f i e d  in  th e  h y d ro ly sa te  a f t e r  2 Hakomori 
m éthy la tions o f m ucilage (c) .
a
R eten tio n  tim e Peak Ho. P o ss ib le  Sugars Confirmed by ms
0 .4 7 1 2 ,3 ,4 -tr i-O -m eth y l rhamnose (m)
0 .55 2 2 ,3 ,4 -tr i-O -m eth y l xy lo se  (m)
0.61 3 2 ,3 ,4 -tr i-O -m e th y l fucose  (v l)
0 .8 8 4 3 ,4 -d i-0 -m eth y l rhamnose (m)
1.02 5 2 ,4-di-O -m ethyl fucos e (v l)
1.16 6 2 .3 .4 .6 - t e t ra-O -m ethyl g lucose
2 .3 .4 .6 - t  e t ra-O-met h y l manno s e 
2 ,3-di-O -m ethyl xy lose
(1)
• 1.27 7 2-0-m ethy l rhamnose (m)
1.41 .8 2-0-m ethyl fucose (m)
1.59 9 4-0-m ethyl rhamnose (s)
1.71 10 3-0-m ethyl fucose/rhanm ose ( l)
1.81 11 2 ,4 ,6 -tr i-O -m eth y l g lucose  ( l)
1 .98 12 2 ,4 ,6 -tr i-O -m eth y l mannose (s)
2.16 . 13 2 ,3 ,6 -tr i-O -m eth y l mannose (s)
2.25 14 2 ,3 ,4 -tr i-O -m eth y l mannose ( l)
2 .55 15 2 ,3 ,6 -tri-O j-m eth y l g lucose  (s)
3 .8 8 16 3 ,6 -d i-0 -m ethy l g lucose / mannose (s)
4 .3 17 3 .4-d.i-O-methyl mannose)
2 .4-di-O -m ethyl g lucosej
4 .79 18 2 ,4-di-O -m ethyl mannose (s)
Size o f  peaks -  v l  = very  la rg e ; 1 = la rg e ;  m = medium; s = sm all.
^ R e ten tio n  tim e r e la t iv e  to  th a t  o f 1,5 -d i-O -a c e ty l 2 ,3 ,4 ,6 - te tra -O -m e th y l
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The m e th y la ted  g lucose  d e r iv a tiv e s  have a lre a d y  been d iscu ssed  
under th e  g lu c an .
liJhile th e  h ig h  p ro p o r tio n  o f f u l l y  m ethy lated  su g ars  p robab ly  
re s u l t  to  a  c e r t a in  ex ten t from deg rad atio n  d u rin g  th e  second Hakomori 
m éthy la tion  -  t h e i r  p resence  a f t e r  a  s in g le  m é th y la tio n  in d ic a te s  a 
high degree o f  b ran ch in g .
The p resen ce  o f  ( 1—^ 3 )  - l in k e d  fucose i s  in d ic a te d  from th e se  
r e s u l t s .  Both fu co se  and rhamnose a re  a lso  p re se n t as  branch  p o in ts  
o r c a rry in g  h a l f  e s t e r  su lp h a te  (0-50^H) . Evidence f o r  mannose 
linked  t h r o u ^  C—1 and C—6 as w ell as through C-1 and C—4 and C—1 and 
C-3 as w e ll a s  a  l i t t l e  doubly lin k e d  o r su lp h a ted  mannose was a lso  
o b ta ined . The m ajor m ethy la ted  xy lose  d e r iv a t iv e  was th e  2 ,3 ,4 -  
tr im e t h y l e th e r  o r end group xy lo se  a l t h o u ^  some ( l—^»4) - l in k e d  xy lose  
was a lso  in d ic a te d .  In  a d d itio n  slow moving sp o ts  (Table 5»8) were 
d e tec ted  in d ic a t in g  u ro n ic  a c id  co n ta in in g  o lig o sa c c h a r id e s .
5 .3 -S  C h a ra c te r is a t io n  o f o lig o u ro n ic  a c id
f i t  ap p ea rs  th a t  any u ro n ic  a c id  which had not been degraded du rin g  
th e  m é th y la tio n  i s  in co m p le te ly  hydro lysed  and p re se n t as o lig o u ro n ic  
ac id  (T able ^ .8 )  . These were sep a ra te d  in to  4 f r a c t io n s  from a  paper 
chromatogram. Each f r a c t io n  was s e p a ra te ly  e s t e r i f i e d ,  reduced and 
hydro lysed . P aper chrom atography rev ea led  th e  s im i la r i ty  o f  th e  
fou r f r a c t io n s ;  each con tained  f r e e  g lucose (d e riv ed  from g lu cu ro n ic  
acid) x y lo se , fu c o se , rhamnose and t r a c e s  o f m ethy la ted  m onosaccharides. 
Each f r a c t io n  was an alysed  by g . l . c .  and g . l . c . - m .s .  a f t e r  conversion  in to  
a ld i to l  a c e ta te s .  (Table 5*10)« The c h a r a c te r is a t io n  o f f r e e  fu c o s e / 
rhamnose, x y lo se  and g lucose in d ic a te s  th a t  th e se  o lig o u ro n ic  a c id s  
were e i th e r  h ig h ly  branched o r th a t  incom plete m éth y la tio n  had o ccu rred .
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I t  can, however, he concluded from th e se  r e s u l t s  th a t  th e se  mono­
saccharide u n i t s  a re  m u tu a lly  lin k e d  and p resen t in  a  s in g le  po ly ­
sacch arid e . The com plete absence o f mannose in  th e se  o lig o u ro n ic  
acids su g g ests  t h a t  i t  i s  p re se n t in  a  sep a ra te  p o ly sacch arid e  as 
in d ica ted  by th e  f r a c t io n a t io n  s tu d ie s  (p 2 1 5 ) , a t  th e  same tim e i t s  
presence on th e  p e r ip h e ry  o f th e  complex h e te ro p o ly sacch a rid e  cannot 
be ru le d  o u t.
Table 3 «10
The m onosaccharide components id e n t i f ie d  from each f r a c t io n  
from t h e i r  r e l a t i v e  r e te n t io n  tim e w ith  2 ,3 ,4 ,6 - te tra -O -m e th y l 
g lu c i to l  1 ,5  d ia c e ta te  t>y g . l . c .  and g . l . c . - m .s .
I^MG M onosaccharides id e n t i f i e d 1(0 .0)
F ra c tio n s
2(0 . 5) 3 (0 . 11) 4 (0 . 24)
2.21 Pucose/rham nose / / y
2.83 X ylose / y / y
3.3 2 ,3  di-O -m ethyl fucose - - K -
4.8 2 ,3  di-O -m ethyl g lucose y - - -
6.33 2-0^-methyl g lucose y y y -
7.08 Glucose y y y y
Figures in  th e  p a re n th e s is  in d ic a te s  th e  paper c h ro m a iP grap h ic  m o b ility  
w . r . t . 2 ,3 ,4 ,6 - t  e t  ra-^O-methyl g lu co se .
5 . 3*9 P e rio d a te  o x id a tio n  s tu d ie s
Because o f  th e  v e ry  sm all amount o f m a te ria l a v a ila b le  i t  was
decided to  p e r io d a te  o x id ise  th e  p o ly saccharide  by th e  micro method
devised by Avigad (e x p t . 15). A f te r  48 h th e  o x id a tio n  was complete
and th e  p o ly sac c h a rid e  was reduced to  th e  a lc o h o l. This was hydro lysed
and examined by p . c .  (Table 5*7) . Glucose was th e  m ajor m onosaccharide
, component but s m a lle r  p ro p o r tio n  o f mannose, fucose and rhamnose were
a lso  d e tec te d  in  th e  h y d ro ly sa te . The p ro p o rtio n  o f  th e se  m onosaccharides
r e la t iv e  to  th a t  o f  g lucose  was co n sid e rab ly  sm a lle r th a n  in  th e  o r ig in a l
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m ucilage, th e re b y  con firm ing  th e  m éth y la tio n  r e s u l t s  th a t  some o f  th e se  
re s id u es  a re  v u ln e ra b le  to  p e r io d a te . Some o lig o u ro n ic  a c id s  were 
a lso  d e tec te d  in  th e  h y d ro ly sa te  o f  th e  p o ly a lco h o l.
Had s u f f i c i e n t  m a te r ia l  been a v a ila b le  removal o f th e  g lu can  from 
th e  su lp h ated  m a te r ia l  would have been c a r r ie d  o u t. A fte r  a  s in g le  
m éthy lation  th e  g lu c u ro n ic  e s te r s  would th en  have been reduced  and 
a f t e r  a second m é th y la tio n  th e  d e riv ed  glucose d e r iv a tiv e s  c h a r a c te r is e d .
U n fo rtu n a te ly  t h i s  work had to  be te rm in a ted  s in ce  th e  "bloom" 
on th e  sea  v an ished  and n e i th e r  Dr Boalch nor ou rse lves were a b le  to  
re c u ltu re  th e  d ia tom .
5 . 3 .1 QCarbohydrate c o n s t i tu e n ts  o f th e  diatom
S equen tia l e x t r a c t io n  o f th e  powdered diatom (30 mg) w ith  c o ld  and 
hot w ater and w ith  a l k a l i  r e s u l te d  in  th e  is o la t io n  o f th re e  p o ly ­
sacch arid e  m a te r ia ls .  The t o t a l  reco v ery  o f carbohydrate from  th e  
diatom was ap p ro x im ate ly  2 .8  mg (c a . 9® c f . P a r s o n s w h o  found th a t  
C o s  cinodiscus sp e c ie s  sy n th e s is e d  about 4 ^  carbohydrate . The com position 
o f th e  co ld  and ho t aqueous e x tr a c ts  appeared to  be s im ila r  by  paper 
chrom atographic exam ination  o f th e  h y d ro ly sa te . Both aqueous e x tr a c ts  
c o n s is t o f th re e  su g ars  which had th e  m o b ility  o f g lucose , mannose and 
fu co se . The p resen ce  o f  g lucose  in  th e  aqueous e x tra c ts  in d ic a te s  
th e  presence o f ch ryso lam inaran  th e  common glucan o f d ia tom s. Mannose 
and fucose were a ls o  reported"*^^ to  be c o n s ti tu e n ts  o f th e  p o ly sacch arid e  
o f  C oscinodiscus s p e c ie s .
The a lk a l in e  e x tra c t  o f  th e  diatom  was found to  c o n ta in  mannose 
and u ro n ic  a c id , th e  su lp h a te  co n ten t was not determ ined due to  
in s u f f ic ie n t  m a te r ia l .  The p resen ce  o f  a su lp h ated  glucuronosylm annan 
in  a  s im ila r  e x tra c t  from Phaeadcetylum  trico rn u tu m ^ ( p . 1 9 j ) s h o w s  a 
p o ss ib le  s im i la r i ty  betw een th e se  two genera o f diatom s. Lack o f 
m a te ria l p rev en ted  f u r th e r  s tu d y  o f  t h i s  diatom .
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5 * 4  Conclusion
I t  can be concluded from th e se  experim ents th a t  th re e  s e p a ra te  
po lysaccharides were p re se n t in  th e  e x t r a c e l lu la r  m ucilage i s o la te d  
from n o b i l i s . The m ajor p o ly sacch a rid e  comprised a h ig h ly  
branched a c id ic  he teropolym er c o n ta in in g  fucose , rhamnose, mannose, 
xylose g lucu ron ic  a c id  and h a l f  e s te r  su lp h a te , A sm all amount o f 
chrysolam inaran, a  ^ - 1 ,3 - l in k e d  g lucan , which i s  th e  common food 
re se rv e  m a te ria l o f d ia tom s, was a ls o  p re s e n t .  I t  i s  thought th a t  
th i s  might have a r i s e n  from dead c e l l s  in  th e  c u l tu re .  Evidence 
was a lso  ob ta ined  th a t  a t  l e a s t  a  p ro p o r tio n  o f th e  mannose o ccu rred  
in  a sep a ra te  p o ly sacch a rid e  a lth o u g h  t h i s  d id  not appear to  be r e la te d  
to  the  glucuronosylm annan p re se n t in  Phaeodactylum tr ico rn u tu m .
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Abstract— Crystalline m annitol and som e oligosaccharides were separated from  ethanolic extracts o f  D esm arestia  
ligulata  and D. firm a . Lam inaran, ‘fucans’ and alginic acid were also isolated from  both species. T he lam inaran  
from D. ligulata  com prised both M - and G -chains but no M -chains were found in the laminaran from D. firm a . In 
both species the am ount o f  ‘fucan’ was sm all, particularly in D . firm a . Both ‘fucans’ contained glucuronic acid, 
galactose, xylose and fucose and that from  D. ligulata  also contained m annose. After sequential extraction o f  D. 
ligulata  with water, acid and alkali evidence was obtained for the presence o f cellulose, a uronan, and protein in the 
residual material.
INTRODUCTION
B oth D esm arestia ligulata  and D. firm a , members o f the 
Desm arestiaceae, grow below  low  water tide mark and 
can only be collected by divers. D. ligulata  has a branched 
thallus whereas in D. firm a  the thallus is largely un­
branched. The tw o species m ay also be distinguished by 
the delicate papery texture o f  D. firm a  at the end o f  the 
growing season, in contrast with the m uch coarser 
cartilaginous texture o f D. ligulata  [2 ] . Both species 
contain free sulphuric acid, thought to  be present in the 
vacuolar sap [3 ], which causes the weeds to break down  
rapidly on exposure to  air. N either species has been 
previously investigated chem ically, partly because o f the 
difficulty o f  collection, and also because of the need to 
neutralise or destroy the sulphuric acid im m ediately on 
rem oval o f the weed from seawater. It seem ed desirable 
therefore to repeat experim ents on Desm arestia ligulata  
and D. firm a  which have been carried out on D. aculeata  
[ I ]  a species which is devoid o f sulphuric acid. Com ­
parison o f the results should  dem onstrate any differences 
in the carbohydrates am ong the different species o f 
D esm arestia  and reveal any effect that free sulphuric acid 
m ight have on these m etabolites.
RESULTS AND DISCUSSION
Even in the presence o f solid  barium carbonate the 
ethanolic extracts o f Desm arestia ligulata  (A) were very 
acid. It was found subsequently that this difficulty could  
best be overcom e by using 80 % ethanol containing I % 
triethanolam ine which had a pH  10, and which rem ained  
at this pH  after the addition o f  fresh weed o f  A. Rem oval 
o f  the weed into water gave a neutral solution  indicating  
that the am ine had rem oved all the free sulphuric acid. 
This m ethod was also used for the extraction o f  freeze-
* P a r t IV in a series ‘C arbohydrates of the Brown Seaweeds’. 
F o r P a rt III see Ref. [1].
dried Desm arestia firm a  (B) weed. G ravim etric deter­
m ination o f the sulphate in the ethanol gave 5.8 % o f free 
sulphuric acid in the dry weight o f  this weed.
Crystalline m annitol, 3.4%  o f  the dry wt o f A and 
5.4 % o f  B, was separated from the ethanohc extracts of 
both species. The residual syrups (ca 5 m g carbohydrate 
from A) was shown by PC and G LC to contain xylose, 
m annose and galactose together with som e oligo­
saccharides. The last were com bined and after hydrolysis 
gave galactose (major) xylose, m annose and m yoinositol. 
The residual syrup from B. contained D-glucose, m ono- 
uronic acid and its lactone (with the sam e P C  and 
ionophoretic [4 ]  m obilities as m annuronic acid and 
m annuronolactone) and oligosaccharides consisting of 
m annitol, xylose (major), glucose and galactose (trace). 
A lthough both l-O-o-m annitol-jS-D-glucopyranoside 
and 1,6-0-D-m annitoI di-(^-D-glucopyranoside) have 
been found in a number o f brown seaweeds [5 ] the above 
oligosaccharides appear to be unique to the present 
algae. They are possibly either precursors o f ‘fucans’ or 
fragments hydrolysed by sulphuric acid from these 
saccharides during extraction. Sprays specific for glucose, 
ketoses and heptuloses gave negative results (except for 
glucose in B) indicating the absence o f  these carbo­
hydrates in the ethanolic extracts. This is in contrast to 
the extract from 2). aculeata  [ I ]  where sucrose, fructose 
and sedoheptulose were all present.
The aqueous extract from A (2.7 % o f the dry wt) had 
a carbohydrate content o f 76%  (glucose graph) and 
contained glucose, galactose, m annose, fucose and 
xylose. G lucose and galactose were confirm ed as the 
D-sugars by the appropriate oxidase spray. L-Fucose, 
D-xylose and D-galactose are norm ally found in ‘fucans’ 
from brown seaweeds, but as m annose is rare it was 
separated from a hydrolysate and characterised as d -  
m annose by its m obility  on ionophoresis in borate buffer 
and as the crystalline phenylhydrazone with mp and  
m m p with authentic material o f 188°. The presence o f  
glucuronic and m annuronic acids in the hydrolysate o f
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A queous 2.5 85*
0.1 M KCl 12.5 83f 14.8 3
0.2 M K Cl 41 70t 22.5 3
0.3 M  K Cl 18 87t 17.0 7.5
0.5 M  K Cl 11 71Î 3.6 20
85 90
* C om pared  to a glucose graph.
t  C om pared to a graph based on the carbohydrate  com posi­
tion of the 0.2 M K Cl fraction.
Î  C om pared to a  graph based on the carbohydrate  com posi­
tion  of the 0.5 M  K Cl fraction.
this extract was confirm ed by PC  and ionophoretic  
m obility  [4 ]. After fractionation o f the aqueous extract 
on D E - cellulose five fractions were separated (Table 1). 
The aqueous fraction, after hydrolysis, contained glucose  
with a trace o f  a non-reducing substance with the 
m obility o f m annitol indicating the presence o f lam i­
naran with M - and G -chains (i.e. chains term inating in 
m annitol and glucose respectively). Treatm ent o f a 
hydrolysate with glucose oxidase converted the glucose  
into gluconic acid allow ing the detection o f m annitol by 
P C  to be m ore definitive. Sim ilar treatm ent o f a synthetic  
m ixture o f glucose and m annitol in the ratio o f 25:1 gave 
an identical chrom atogram  to  that from the aqueous 
fraction, confirm ing the presence o f M -chains in the 
lam inaran from A. The total yield o f lam inaran was 
0.08 % o f  the dry w t o f  the weed. Sim ilarly the aqueous 
fraction from the separated aqueous extract o f  B (Table  
2) contained m ainly glucose w ith traces o f m annuronic  
acid and appeared to be devoid of m annitol. T o confirm  
the absence o f m annitol a sam ple was analysed by 
elution from a D E A E -cellu lose-m olybdate colum n [6 ] ; 
no fractionation occurred. The presence o f  M -chains is 
not invariable although the lam inaran obtained from D. 
aculeata  a lso  contained M -chains while that from  
Bifurcaria bifurcata, H im antha lia  lorea  and Padina  
pavonia  [7 ]  did not. A ll four K C l fractions from the 
aqueous extract o f A contained fucose, galactose, 
m annose, xylose and glucuronic acid. The ratios o f  these 
sugars in the 0.2 M  K C l fraction was 15:1 .5:0 .4:1:11,
Table 2. F ra c tionation  o f the aqueous extract from  D e s m a r e s t i a  













Aqueous 11 83 — —
0.3 M  K Cl 466 53 17f 1
0.5 M  K C l 22 78 7 Î 8
1.0 M  K C l —
499 90
* G lucose g raph  ; t  M annuronolactone g raph ; J  G lucuronic 
acid graph.
and in the 0.5 M  K Cl fraction 9.7:2 .7:1 .4:1  : trace 
respectively. These proportions are in agreem ent with 
the uronic acid and sulphate contents (Table 1) since in 
all previous studies o f ‘fucans’ the higher proportions of 
sulphate are always accom panied by a higher proportion  
o f fucose and a lower proportion o f glucuronic acid.
The aqueous extract from B isolated as a white solid  
in 3.2 % yield o f the dry wt o f the weed contained glucose 
(major), galactose, fucose, xylose, glucuronic and m annu­
ronic acids but was devoid o f m annose. The results of 
fractionation on D E -cellu lose are given in Table 2. The 
0.3 M K Cl fraction contained glucose (major), fucose, 
galactose, xylose, glucuronic and m annuronic acids. 
Q uantitative G L C  analysis o f this hydrolysate revealed 
that at least half o f  it was glucose. This m akes the total 
lam inaran content o f the aqueous extract about 1.8 % of  
the dry wt. The 0.5 M K Cl fraction contained fucose 
(major), galactose, xylose and glucuronic acid.
The acid extract from A isolated in 2.7 % yield o f the 
dry wt, had a carbohydrate content o f  72 % (read off a 
graph m ade from a soln with the com position  o f  the 
0.2 M K Cl fraction of the aqueous extract). A hydrolysate 
contained fucose, galactose, xylose, m annose and glucu­
ronic acid together with a sm all am ount o f  m annuronic 
acid. Fractionation o f an aliquot o f  the hydrolysate on a 
cellulose colum n resulted in the sam e elution pattern as 
obtained from the aqueous extract, except that the water 
eluate contained no carbohydrate.
The acid extract from  B (1.4%  o f the dry wt) consisted  
o f  m ainly m annuronic acid together with traces o f 
glucose, fucose, galactose and xylose.
The alkahne extracts o f  the residual m aterial from A 
contained 13.9%  and from B 16% o f  alginic acid. 
Ionophoresis [4 ]  o f hydrolysates confirm ed the presence 
o f guluronic acid and m annuronic acid. The viscosities 
o f  1 % aqueous soins o f the derived sodium  alginates at 
25° from A and B were 1.7 and 1.5 cps respectively. 
T hese very low  values indicate that the alginic acid has 
been m uch degraded. An estim ation o f the m annuronic 
to  guluronic acid in the sodium  alginate o f  A gave an 
M /G  ratio o f  0.06. The high guluronic acid content 
supports this degradation since m annuronic acid residues 
are m ore readily hydrolysed by acid. D egradation is also  
confirm ed by earlier findings in sim ilar extracts. The 
so-called ‘fucan’ separated from the alkaline extract of B 
was m ainly degraded alginic acid.
In an attem pt to avoid  degradation the alginic acid 
was extracted from the algae directly after neutralisation  
o f  the free sulphuric acid. Two sam ples o f  alginate were 
separated from each weed ; those from A had viscosities 
of300(0T  % N aO H  extract) and 150 cp s(N a 2 COg extract) 
and from B 56 and 68 cps respectively. The M /G  ratios 
[13 ] of the former extracts were 0.47 and 0.40 indi­
cating a guluronic acid content o f 67 and 71% . While 
it is recognised that the m ethod overestim ates the 
guluronic acid content it is still considered that a certain 
am ount o f degradation o f the alginic acid has occurred. 
N evertheless these results indicate a guluronic acid 
content o f m ore than 50%  for the alginates from  both 
weeds. The loss o f  m annuronic acid is supported by the 
presence o f this acid and low  m olecular weight 
alginic acid in the ‘fucans’ separated from the direct 
alkaline extracts.
The residue rem aining after the sequential extraction  
o f  A contained 27%  protein (based on a N j  content of 
4.4% ) and gave a red/brow n colour with H erzberg’s
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T able 3. A pproxim ate percentages of the dry weight o f the 
polysaccharides isolated from three species of Desmarestia
Species L am inaran ‘F ucan ’ Alginic acid
D. aculeata
August col. 5.6 14 12
M arch col. 1.8 9 16
D. ligulata 0.08 6 19(16)
D. firm a 1.8 1.9* 23(17)
Figures in parentheses are the yields from the sequential 
extractions.
* D erived from aqueous and acid extracts only.
stain indicating the presence o f cellulose, confirm ed by 
the presence of D-glucose in a hydrolysate. U ronic acid 
was also detected in the hydrolysate. Q uantitative  
determ ination o f the 25° hydrolysate gave 11 % and of 
the 100° hydrolysate 1.3% uronic acid.
The approxim ate percentage yields o f  the different 
carbohydrates based on the dry wt o f three species of 
Desm arestia  are given in Table 3. The m ost striking 
feature of these results is the low  yield o f ‘fucans’ 
particularly from B. This low  yield cannot be explained  
by the hydrolytic effect o f  the sulphuric acid after death  
of the alga since if this were so fragments of these ‘fucans’ 
would have been found in the ethanolic extracts. It can 
only be concluded that A, B and D. aculeata  synthesise  
less ‘fucan’ than m ost other brown seaweeds [7 ]. H ow ­
ever, Durvillia  species [9 ]  also appear to be virtually 
devoid o f ‘fucans’.
The presence o f  m annose in the ‘fucan’ from A is in 
striking contrast to the ‘fucan’ o f other species o f  
D esm arestia, although it has been reported in the 
‘fucans’ o f  Sargassum  linefolum  [1 0 ] S. pallidum  [11 ] and 
P elvetia  wrightii [12].
It m ust be stressed that the alginate content in the 
growing weed o f  the species under investigation is 
probably considerably higher than the estim ated value 
(Table 3), since the results clearly show  that som e  
degradation does occur during storage and extraction.
F inally it can be concluded that the presence o f  
sulphuric acid in the two species o f Desm arestia  has no 
effect on their carbohydrate m etabolism .
EXPERIMENTAL
Algal material. Desmarestia ligulata (A) was collected on 
17 July 1973 from  deep w ater a t P o rt Erin, Isle of M an, and 
im m ediately plunged into boiling E tO H  containing solid 
BaCOg.
Desmarestia firm a  (B) was collected from  False Bay, Cape 
Tow n, South  Africa from  10 m dep th  on 27th M arch  1975, and 
was freeze-dried im m ediately after rem oval from  seawater.
General methods. D etails of analytical m ethods are given in 
P a rts  1 [7 ] and III [1].
Isolation o f  carbohydrates. Sam ples o f bo th  weeds were 
sequentially extracted as detailed in P a rt I [7] except th a t the 
C jO j lN H J j  extraction and  chlorite treatm ents were om itted 
and  alginic acid was extracted directly from the dried weed with 
alkali.
Ethanol extract. All the E tO H  extracts of A were combined. 
The residual weed was air-dried and weighed (dry wt 55.7 g).
D uring  the E tO H  and H ^O  extractions of A, solid BalCOg)^ 
was added in an a ttem pt to keep the pH  between 5 and 7. 
Freeze-dried B (50 g) was extracted with 80%  E tO H  (500 ml) 
contain ing  4%  trie thylam ine a t 25%  pH  7.0, acidified with 
M H N O j and the sulphate ppted with BaClj.
The com bined E tO H  extracts from each weed were treated 
as in a previous publication [1 ]. Crystalline m annito l (1.9 g 
from A and 2.7 g from  B) was separated  and the residual 
syrups analysed by PC  solvents (1) and  (3), and (A) (E) (F) [7] 
and galactose oxidase, heptose and ketose sprays [1], and by 
G L C  of the sugar and  alditol TM Si derivatives on colum n 4. 
Spots with Pn,a„„i,oi Icss than  1.0 were eluted from  PC , com ­
bined and the m ixture hydrolysed. The hydrolysates were 
analysed by P C  and G L C  as above.
Aqueous extract. The com bined extracts, after dialysis, were 
freeze-dried to a white pow der (1.62 g from  A, and 1.60 g from 
B). An aliquot o f each was hydrolysed and the hydrolysate 
exam ined by PC  and G L C  as for e thanolic extracts and  by 
ionophoresis a t pH  6.7 and 10.
An aliquot of the extract from  A (100 mg) was hydrolysed 
and the sugars separated on 3 M M  chrom atography paper in 
solvent (3). The ‘m annose’ fraction was eluted and mixed with 
phenylhydrazine. The derived phenylhydrazone was recrystal­
lised from E tO H .
Fractionation o f  the aqueous extracts. A liquots o f the white 
pow ders (430 mg from  A and  480 mg from  B) were fractionated 
on DE-cellulose colum ns [7]. The carbohydrate, sulphate and 
uronic acid contents were determ ined for each fraction, and 
after hydrolysis each fraction was analysed by P C  and G L C  as 
before. H ydrolysates of the 0.2 M K C l and  0.5 M  K C l fractions 
from  A were separated on 3 M M  paper in solvents (3) and (1), 
eluted and the relative p roportions of the sugars m easured.
The acidic extracts. After ap p ropria te  treatm ent [7] the 
com bined extracts from each weed were freeze-dried to white 
pow ders (1.5 g from  A and 0.7 g from  B), analysed and  the A 
extract fractionated  as for aqueous extracts above.
Alkaline extracts. (1) The residual solids rem aining after the 
acid extractions were exhaustively extracted with 3 % Na^CO^ 
soln. The derived N a alginates were treated  w ith a  2%  soln 
o f C aC lj [7]. F rom  this C a alginate (9.3 g from 55.7 g A and 
8.6 g from  50 g B and ‘fucans’ 345 mg A and 960 m g B) were 
separated. (2) The dry pow dered alga (5.0 g A and 5.4 B) was 
suspended in a sa tu rated  soln o f CaCO ^ (150 ml) with stirring 
and pH  m aintained at 5-7  by the addition  o f solid C a C O j. After 
dialysis (3 days) the supernatan t was freeze-dried to a  white sohd 
(20 mg from  A and 22 mg from  B). A soln o f 1.8 % form alin (2 ml) 
was added to each residual alga, the m ixture stirred and stood for 
30 min. T he supernatan ts were decanted  off solid N a jC O j 
(1.5 g) and 0.1 % N aO H  soln (1.5 ml) added to the residual weeds, 
and  the m ixtures kept at 60° for 2 hr w ith stirring. After dilution 
the residues were filtered and the soins neutralised (pH  6.5) 
w ith d ilute H Cl and diluted to 800 ml. A 2 % CaCl^ soln (100 ml) 
was added to  each m ixture with stirring  and  the pp t gelatinous 
C a alginates were rem oved by centrifugation, w ashed with 
dilute C aC lj and  suspended in H ^O  and  freeze-dried to a  
brow nish pow der o f C a alginate (692 mg from  A and 1.22 g 
from B). The supernatan ts from  the centrifugations were dialysed 
until the dialysate was free from  Ca , and  the soins freeze-dried
to white solids (‘fucans’, 173 mg from A and 30 mg from  B). The 
residues were extracted with 3 % N a jC O j soins (150 m l each) at 
70° for 3 successive 3 h r periods. T he com bined soins were 
treated  as before and gave C a alginates (223 mg from  A and 90 
mg from  B) and ‘fucans’ (45 m g from  A and  negligible am ount 
from B). (3) A second po rtion  o f B (10.9 g) was exhaustively 
extracted with 80 % E tO H  contain ing  triethylam ine to m aintain 
p H  7-8, and treated  ca 18 hr w ith form aldehyde. T he recovered 
m aterial was then subjected to  alkaline extraction as above. 
F ro m  the 0.1 % N aO H  extraction  2.15 g o f C a alginate and 
119 m g o f ‘fucan’ were separated. F ro m  the subsequent N a jC O j 
extract 823 mg of C a alginate and 302 mg of ‘fucan’ were 
separated.
Conversion o f  calcium alginate to sodium alginate. The 
respective C a alginates were converted to N a  alginates by
1292 G. E. C a r l b e r g , E l iz a b e t h  P e r c iv a l  and  M . A. R h a m a n
leaching with acid. T he derived alginic acids were suspended 
in H , 0  with vigorous stirring and titra ted  with 0.1 M N aO H  
to pH  =  7 so that all the alginic acid dissolved. The soins were 
dialysed for 2 days and  freeze-dried.
Estimation o f  the guluronic to mannuronic acid ratio. The Na 
alginates were subjected to sequential partia l hydrolysis [13]. 
The guluronic acid contents of the supernatan ts and the residues 
(the la tte r converted into soluble N a alginate) were determ ined 
by the carbazole m ethod m easuring the chrom ophore p ro­
duced in H ,S O ^  w ith and  w ithout added borate  at 55° [14]. 
S tandard  carbazole graphs were prepared for polyguluronic 
acid and m annuronolactone.
Examination o f  the residual solid. T he solid rem aining after 
the sequential extraction o f the A [7] was tested for cellulose by 
H erzberg’s stain. A liquots of the residue (2 x 50 mg) were 
hydrolysed with 72%  H^SO^ (5 ml each) at 25° and at 100° for 
1 hr. The uronic acid contents of the hydrolysates were deter­
m ined and the hydrolysates were investigated by PC  and 
ionophoresis.
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